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Executive Summary 

The Codes and Standards Enhancement (CASE) Initiative submits code change 

proposals to the California Energy Commission (Energy Commission), the state agency 

that has authority to adopt revisions to the voluntary energy efficiency requirements in 

Title 24, Part 11 (CALGreen). This report presents the Statewide CASE Teamôs 

recommended revisions to the voluntary energy efficiency requirements for the 2022 

version of the California Green Building Standards Code (Title 24, Part 11 or 

CALGreen). Voluntary energy efficiency requirements in CALGreen are intended to 

serve as a resource to jurisdictions that are considering adopting local energy code 

requirements (reach codes) that are more stringent than the California Energy Code 

(Title 24, Part 6). The proposal responds to the growing number of local jurisdictions 

adopting electrification new construction ordinances and considers a proposed new 

section of CALGreen for multifamily buildings. 

Single Family 

The single family code change proposal revises the Tier 1 and Tier 2 performance 

standards and changes the performance target from an absolute Energy Design Rating 

(EDR) score to an EDR Margin. Using an EDR Margin, which is similar to a compliance 

margin, treats buildings of different conditioned floor area more equitably. Tier 1 

provides a path for both mixed-fuel and all-electric buildings but establishes a 

preference for all-electric buildings. All-electric construction is required for Tier 2. This 

proposal also adds five new prerequisite options and requires that two prerequisites be 

selected by project teams.  

Multifamily 

The multifamily code change recommendations include applying requirements from the 

2019 low-rise residential and high-rise residential requirements across all multifamily 

buildings. It also adds three new prerequisite options and requires all-electric 

construction for both tiers. Proposed Tier 1 and Tier 2 performance requirements 

include climate zone-specific percentages of the Title 24, Part 6 Energy Budget. 

Nonresidential 

The proposed code changes for nonresidential buildings add two new prerequisite 

options while removing one that will likely be included in 2022 Title 24, Part 6. Seven 

prerequisite options for covered processes are included. The proposal recommends 

requiring electric readiness for mixed-fuel buildings. 
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1. Introduction 

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the voluntary energy efficiency provisions in the California Green Building Code 

Standards (Title 24, Part 11 or CALGreen) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor-Owned Utilities 

(IOUs) ð Pacific Gas and Electric Company, San Diego Gas and Electric, and 

Southern California Edison ð and two Publicly Owned Utilities ð Los Angeles 

Department of Water and Power and Sacramento Municipal Utility District (herein 

referred to as the Statewide CASE Team when including the CASE Author) ï 

sponsored this effort. The program goal is to support code change proposals that would 

result in cost-effective enhancements that improve energy efficiency and energy 

performance in California buildings. This report is part of an effort to develop technical 

and cost-effectiveness information for proposed requirements on building energy-

efficient design practices and technologies. 

The Energy Commission has authority to adopt revisions to the voluntary energy 

efficiency requirements in CALGreen. The Energy Commission may revise or reject 

proposals presented in this report. See the Energy Commissionôs 2022 Title 24 website 

for information about the rulemaking schedule and how to participate in the process: 

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-

standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for the 

voluntary energy efficiency requirements in CALGreen. The report contains pertinent 

information supporting the code change, including:  

¶ Section 1: Introduction provides relevant context, including historical and 

regulatory details. 

¶ Section 2: Considerations for CALGreen Proposal details the objectives and 

factors guiding the prioritization, justification, and background analyses for the 

selected recommendations. 

¶ Section 3: Structure of Voluntary Energy Efficiency Requirements in CALGreen  

provides an orientation to CALGreen and explains how the proposed 

recommendations fit within the preexisting format. Information that is relevant to 

all the building types are presented here to reduce redundancy.  

¶ Section 4: Energy Savings and Cost-Effectiveness Methodology presents the 

methodology and assumptions that are consistent across analyses for single 

family, multifamily, and nonresidential buildings.  

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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¶ Section 5: Single Family Code Change Recommendations contains descriptions, 

justifications, and energy and cost savings analysis for proposed changes to the 

single family CALGreen building standards code.  

¶ Section 6: Multifamily Code Change Recommendations contains descriptions, 

justifications, and energy and cost savings analysis for proposed changes to the 

multifamily residential CALGreen building standards code. 

¶ Section 7: Nonresidential Code Change Recommendations contains 

descriptions, justifications, and energy and cost savings analysis for proposed 

changes to the nonresidential CALGreen building standards code. 

¶ Section 8: Proposed Revisions to Code Language concludes the report with 

recommended revisions to the code language with strikeout (deletions) and 

underlined (additions) language. 

¶ Section 9: Bibliography presents the report development resources and 

references. 

¶ Appendix A: Energy and Cost-Effectiveness Analysis ï Single Family  presents 

the details of analyses referenced in Section 5:Single Family Code Change 

Recommendations. 

¶ Appendix B: Energy and Cost-Effectiveness Analysis ï Nonresidential Buildings 

presents the details of analyses referenced in Section 7: Nonresidential Code 

Change Recommendations. 

This draft report does not present greenhouse gas (GHG) reductions associated with 

the proposed code change. The final report will be released after the Energy 

Commission adopts the 2022 CALGreen requirements will include GHG emissions 

reduction data. The final report will reflect the costs and benefits of the adopted 

voluntary energy efficiency requirements in the 2022 CALGreen code. 
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2. Considerations for CALGreen Proposal 

2.1 Provide a Useful Resource for Local Jurisdictions 

For the 2022 code cycle, the Statewide CASE Team aimed to develop a CALGreen 

proposal consisting of voluntary energy efficiency measures that would be useful to 

jurisdictions seeking to enhance local codes. To accomplish this goal, the Statewide 

CASE Team considered the following when developing this proposal:  

¶ Jurisdictions are interested in ordinances that go beyond Title 24, Part 6 because 

they help achieve local energy and GHG reduction goals and establish the 

jurisdiction as a local leader. The Statewide CASE Team has presented energy 

savings and GHG reductions of the proposed code changes. Local jurisdictions 

can build upon the analyses presented in this report to estimate the impact of 

adopting local ordinances based on CALGreen.  

¶ Proposed local ordinances are developed by staff at each jurisdiction, discussed 

during public meetings, and approved by council members. Building codes can 

be complicated. It is more likely that an ordinance will be adopted if it is intuitive 

and includes clear narrative explaining how the ordinance will result in cost-

effective energy and GHG savings. The Statewide CASE Team believes that 

providing an attractive, cost-effective option in CALGreen will reduce the burden 

on local jurisdictions, possibly leading to higher adoption rates. This report 

provides explanatory narrative that we hope will be helpful to audiences that may 

not have an extensive background in building codes.  

¶ Local jurisdictions that wish to adopt an ordinance that exceeds the Title 24, Part 

6 must demonstrate the ordinance is cost effective.1 The Statewide CASE Team 

developed code change proposals for CALGreen that are expected to be cost 

effective and documented the methodology, assumptions, and results of cost-

effectiveness analyses so that jurisdictions can adopt CALGreen requirements 

without additional analyses. Measures that are not cost effective in all climate 

zones may still be considered in others. 

¶ Local jurisdictions typically prefer performance goals (e.g., percent better than 

Title 24, Part 6 energy budget) to prescriptive measures that target specific 

applications (e.g., prerequisite requirement for loading dock seals). Therefore, 

the CALGreen proposal proposes realistic Tier 1 and Tier 2 energy targets that 

can be achieved using a number of different design strategies.  

 

1 More information here: https://www.energy.ca.gov/programs-and-topics/programs/building-energy-

efficiency-standards/2019-building-energy-efficiency-3  

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2019-building-energy-efficiency-3
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2019-building-energy-efficiency-3
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2.2 Encourage All Electric Construction 

As of December 2020, nearly 40 cities and counties in California had approved codes 

that require or encourage all-electric buildings (Walker and Stampe 2020). At least 16 

California jurisdictions have adopted all-electric whole-building requirements, including 

Oakland, San Jose, and San Francisco. The recent ordinances passed by these three 

cities apply to both residential and commercial buildings of all types and sizes. 

Electrifying buildings and transportation were identified by jurisdictions as some of the 

most important ways to help meet their greenhouse gas (GHG) emission reduction 

targets (Bloomberg Associates 2018). Favorable state policies and lower prices of 

renewable energy mean that substituting natural gas with electricity is one of the 

quickest, safest, and least expensive pathways to eliminating GHG emissions from 

buildings. All-electric building requirements has been shown to lower installation costs 

for new buildings because it eliminates the need for fossil fuel infrastructure to and in 

buildings. 

2.3 Enable Harmonization Across Jurisdictions 

In addition to creating CALGreen proposals that are useful and simple for local 

jurisdictions to draw from, the Statewide CASE Team aims to address market feedback 

that building developers and the design community face challenges in designing to 

building codes that differ across jurisdictions. While reach codes should be tailored to 

accommodate local needs, some degree of standardization across jurisdictions will help 

provide continuity for builders and developers that operate across multiple jurisdictions. 

Recently, jurisdictions have referenced several model ordinances available at 

LocalEnergyCodes.com or through the Building Decarbonization Coalition, then added 

regional adjustments.  

2.4 Create a Separate Section of CALGreen for Multifamily Buildings 

The Statewide CASE Team proposes a consolidation of multifamily voluntary 

CALGreen requirements into a new Section A4.204 for multifamily buildings. This 

section would include prerequisites, prerequisite options, and Tier 1 and Tier 2 

performance requirements for all multifamily buildings.  

Multifamily requirements are currently split across low-rise residential, high-rise 

residential, and nonresidential sections of code. Unification of multifamily requirements 

in CALGreen would create consistency with changes to Title 24, Part 6 for the 2022 

cycle2 and consolidate all requirements for multifamily buildings into one section of 

code. This consolidation of requirements would streamline CALGreen compliance, 

 
2 See the 2022 Title 24, Part 6 CASE Report on multifamily restructuring available here: 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/.  

https://localenergycodes.com/
https://www.buildingdecarb.org/local-government-clean-building-compass.html
https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/
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particularly on sites with mixed-height multifamily buildings, which is expected to 

improve compliance.  

2.5 Leverage Existing Data and Reports  

When developing the CALGreen proposal, the Statewide CASE Team leveraged 

existing work as much as possible. Key sources of data include: 

¶ Reach code reports available on LocalEnergyCodes.com: 

o 2019 Cost-effectiveness Study: Low-Rise Residential New Construction 

(August 2019) 

o 2019 Mid-Rise New Construction Reach Code Cost-Effectiveness Study 

(June 2020) 

o 2019 Nonresidential New Construction Reach Code Cost Effectiveness 

Study (July 2019) 

¶ 2022 CASE Reports (multiple reports were leveraged) available on 

Title24Stakeholders.com 

¶ California Energy Alliance 2022 Proposal for Demand Management in 

Nonresidential Buildings available on the California Energy Alliance website. 

¶ Lawrence Berkeley National Laboratory (LBNL) report on Cool Walls: Solar-

Reflective "Cool" Walls: Benefits, Technologies, and Implementation. 

 

https://localenergycodes.com/
https://title24stakeholders.com/
https://caenergyalliance.org/2022-standards
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3. Structure of Voluntary Energy Efficiency Requirements in 
CALGreen  

3.1 General Structure of Voluntary Energy Efficiency Requirements 

The voluntary energy efficiency requirements appear in sections A4.2 and A5.2 of 

CALGreen for residential and nonresidential buildings, respectively. In the 2019 version 

of CALGreen, requirements for low-rise residential appear in section A4.2 and 

requirements for high-rise residential appear in section A5.2. Requirements in the 

voluntary energy efficiency sections of CALGreen serve as model code language that 

local jurisdictions can use as a starting point for local ordinances.  

The CALGreen requirements follow a tiered structure where Tier 1 requirements are 

one step more stringent than Title 24, Part 6 and Tier 2 is more stringent than Tier 1. To 

meet the requirements, a building must comply with prerequisites, prerequisite options, 

and performance requirements. Each of these elements are described below.  

3.2 Prerequisites  

Prerequisites are requirements that all buildings that are seeking to comply with either 

Tier 1 or Tier 2 performance levels. Designers must implement these measures, and 

they cannot be traded off against anything in the list of prerequisite options or design 

features that can be modeled in the compliance software. There are two prerequisites 

for low-rise residential buildings in the 2019 version of CALGreen. There are no 

prerequisites for high-rise residential or nonresidential buildings in the 2019 version of 

CALGreen. 

The Statewide CASE Team is recommending adding one prerequisite for nonresidential 

buildings.  

Prerequisites require buildings to use specific design strategies or technologies, which 

provides the appropriate message that energy efficiency, load management, and high-

quality installations are valued. Prerequisite also provide a pathway for builders to 

receive compliance credit for design strategies that cannot be simulated within the Title 

24 compliance software.  

3.3 Prerequisite Options 

In addition to adhering to the prerequisites, the building must also include one or two of 

many options, depending on the tier. In the 2019 code, low-rise residential buildings 

must meet one of four options to comply with the Tier 1 or Tier 2 requirements. High-

rise residential and nonresidential buildings must meet one of the prerequisite options to 

comply with Tier 1 and two to comply with Tier 2.  



 

Voluntary Energy Efficiency Requirements for Title 24, Part 11 (CALGreen) | 16 

Five new prerequisite options are proposed for single family and three for multifamily. 

For nonresidential buildings, one prerequisite option will be removed because it will be 

required in Title 24, Part 6, one existing will be expanded, and eight new prerequisite 

options will be added. For single family and multifamily buildings, the number of 

prerequisite options that must be included in the building will be increased from one to 

two. 

3.4 Energy Performance Targets 

In addition to adhering to the prerequisites and prerequisite option requirements, 

buildings must achieve energy performance budgets that are more stringent than Title 

24, Part 6.  

Many local jurisdictions have adopted all-electric preferred or all-electric required 

ordinances for new buildings. The Statewide CASE Team seeks to support these 

ordinances by proposing a CALGreen structure that similarly encourages all-electric 

construction.  

3.4.1 2019 CALGreen Performance Targets 

For low-rise residential buildings, the 2019 CALGreen energy performance targets are 

established in Time Dependent Valuation Energy Design Ratings (TDV EDR). Buildings 

must achieve the specified EDR target, which vary by climate zone and fuel type (i.e., 

mixed-fuel or all-electric), to meet the Tier 1 or Tier 2 requirements. For most climate 

zones, the Tier 2 EDR target is zero. The Tier 1 EDR targets are between minimal 

compliance with the 2019 Title 24 Part 6 requirements and the Tier 2 targets. EDR is 

based on a 0-100 scale. A score of zero represents a building that has zero net energy 

consumption based on the TDV energy use. A score of 100 represents a building that is 

compliant with the 2006 International Energy Conservation Code (IECC).3  

For high-rise residential and nonresidential buildings, the 2019 CALGreen energy 

performance targets are established based on a percentage of the Title 24, Part 6 TDV 

energy budget. The energy targets do not vary by climate zone or fuel type and are 

summarized in Table 1. 

 
3 energycodeace.com, ñFact Sheet: Residential EDR 2019ò 

https://energycodeace.com/
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Table 1: 2019 CALGreen Energy Performance Targets for Nonresidential and 
High-Rise Residential Buildings (percent of Title 24, Part 6 Energy Budget) 

Building Type 

Energy Performance 
Target 

Tier 1 Tier 2 

Nonresidential buildings with both mechanical and lighting systems 90% 85% 

Nonresidential buildings with either a mechanical or lighting system 95% 90% 

High-rise residential and hotel/motel 95% 90% 

 

3.4.2 Proposed 2022 CALGreen Performance Targets 

Single family buildings will have energy performance targets based on the TDV EDR 

margin rather than based on a set EDR value. This approach was successful and 

popular with jurisdictions adopting reach codes over the 2019 Energy Code. See 

Section 5.3.2 for additional discussion of using EDR margin instead of an absolute EDR 

value. The Statewide CASE Team proposes that Tier 1 encourage all-electric 

construction and that Tier 2 require buildings to be all-electric.  

Multifamily buildings will be in a separate section of code, and the energy performance 

targets will be based on a percentage better than the Title 24 Part 6 TDV EDR Energy 

Budget with targets varying by climate zone. The Statewide CASE Team recommends 

that both Tier 1 and Tier 2 multifamily buildings be all-electric.  

For nonresidential buildings, energy targets will be updated to vary by climate zone and 

fuel type. The Statewide CASE Team proposes that Tier 1 be structured to encourage 

all-electric construction and that Tier 2 require buildings to be all-electric.  
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4. Energy Savings and Cost-Effectiveness Methodology 

Title 24, Part 6 Section 10-106 requires local jurisdictions that adopt local energy code 

ordinances to submit ñfindings and supporting analyses on the energy savings and cost 

effectiveness of the proposed energy standardsò (California Energy Commission 2018) 

to the Energy Commission. While jurisdictions may quantify energy savings and cost 

effectiveness by any method determined appropriate, the analyses in this report use the 

procedures established by the Energy Commission to evaluate proposed revisions to 

Title 24, Part 6.  

Energy and energy cost savings are based on electricity and natural gas time 

dependent valuation (TDV) energy savings.4 TDV is a normalized metric for calculating 

energy cost savings, which accounts for the variable cost of electricity and natural gas 

each hour of the year, and how costs are expected to change over the period of 

analysis (30 years for residential measures and nonresidential envelope measures and 

15 years for all other nonresidential measures).  

The Statewide CASE Team estimated energy and demand impacts by simulating the 

proposed code changes using the 2022 Research Version of the California Building 

Energy Code Compliance (CBECC) software for commercial (CBECC-Com) and 

residential (CBECC-Res) buildings. CBECC-Com and CBECC-Res calculate whole-

building energy consumption for every hour of the year measured in kilowatt-hours per 

year (kWh/yr) and therms per year (therm/yr), and annual peak electricity demand 

reductions in kilowatts (kW). The software then applies the 2022 TDV factors to 

calculate annual energy use in kilo British thermal units per year (TDV kBtu/yr). Energy 

cost savings are calculated by applying the TDV energy cost factors measured in 2023 

present value dollars (2023 PV$) to the energy savings estimates (Energy + 

Environmental Economics 2020). The energy savings do not account for naturally 

occurring market adoption or compliance rates. 

CBECC-Com and CBECC-Res generate two models based on user inputs: the 

Standard Design and the Proposed Design. The 2022 research versions of CBECC 

software use buildings that are minimally compliant with the 2019 Title 24, Part 6 

requirements as the Standard Design. The Statewide CASE Team created a 2022 

Standard Design to use for this analysis that incorporates code changes that Energy 

Commission will likely adopt for the 2022 version of Title 24, Part 6. This allowed the 

research team to evaluate the energy savings, GHG reductions, and cost-effectiveness 

 
4 See the Energy Commissionôs website for more information on the TDV metric: 

https://www.energy.ca.gov/event/workshop/2020-03/staff-workshop-2022-energy-code-compliance-

metrics.  

https://www.energy.ca.gov/event/workshop/2020-03/staff-workshop-2022-energy-code-compliance-metrics
https://www.energy.ca.gov/event/workshop/2020-03/staff-workshop-2022-energy-code-compliance-metrics
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of proposed CALGreen requirements relative to the expected statewide California 

Energy Code for the 2022 code cycle. 

The incremental first cost and incremental replacement and maintenance costs over the 

period of analysis are also included. A measure is cost effective if the benefit-to-cost 

(B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the total cost 

benefits realized over the analysis period by the total incremental costs. The B/C ratio 

was calculated using 2023 PV$ costs and cost savings. 

The cost-effectiveness analysis must show that there is a pathway to comply with the 

code that is cost effective, but it is not necessary to demonstrate that every possible 

compliance pathway is cost effective. This report presents the cost-effectiveness of all 

recommended prerequisites. Cost effectiveness analyses are presented for some of the 

prerequisite options. For the performance requirements, a cost effectiveness analysis is 

presented for the design strategies that were used to establish the energy targets. 

There are many other ways to achieve the same energy target. Notable, it is expected 

that many designers will choose to install more efficient equipment to meet energy 

targets. The analyses presented in this report assume equipment is minimally compliant 

with federal appliance efficiency standards. This was done to demonstrate that the 

energy targets can be achieved cost-effectively without violating federal preemption.  
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5. Single Family Code Change Recommendations 

5.1 Overview of Single Family Proposals 

The single family code change proposals cover two main aspects of the CALGreen 

voluntary Appendix A4. The proposal adds prerequisite options and changes the 

performance standards for both Tier 1 and Tier 2.  

For all proposed changes, energy savings are calculated relative to the proposed 

mixed-fuel Standard Design for the 2022 Title 24, Part 6 code as presented by the 

Energy Commission at the January 26, 2021 staff workshop on decarbonization 

(California Energy Commission 2021).5 Analysis was conducted for the two single family 

building prototypes that the Energy Commission uses to evaluate the cost effectiveness 

of proposed changes to Title 24 requirements: a 2,100 square foot single story home 

and a 2,700 square foot two-story home. Results in this report are presented for the 

blended average of these two prototypes, representing a 2,400 square foot home. See 

Appendix A for further details. The Energy Commission has since revised the details of 

the proposed mixed-fuel baseline and the final report will incorporate these changes in 

an updated analysis. Results are not expected to change significantly. 

In addition to analysis demonstrating feasibility and cost effectiveness of the proposals, 

the Statewide CASE Team also conducted a cost-effectiveness analysis comparing an 

all-electric with a mixed-fuel 2022 Standard Design home. See Appendix A for further 

details. 

5.2 Tier 1 and Tier 2 Prerequisite Options 

CALGreen currently has four Tier 1 and Tier 2 prerequisite options in Section 

A4.203.1.2. They require that projects include one of the following:  

1.  Roof deck insulation (High Performance Attic) or verified low leakage ducts in 

conditioned space (VLLDCS) 

2.  High Performance Walls (HPW)  

3.  Home Energy Rating System (HERS)-Verified Compact Hot Water Distribution 

System (CHWDS-H)  

4.  HERS-Verified Drain Water Heat Recovery (DWHR-H) 

The following measures are proposed in addition to the existing four Tier 1 and Tier 2 

prerequisite options:  

1.  High Performance Fenestration 

 
5 More information available on the Energy Commissionôs website: 

https://www.energy.ca.gov/event/workshop/2021-01/staff-workshop-proposed-2022-energy-code-low-

rise-residential-heat-pump/.  

https://www.energy.ca.gov/event/workshop/2021-01/staff-workshop-proposed-2022-energy-code-low-rise-residential-heat-pump/
https://www.energy.ca.gov/event/workshop/2021-01/staff-workshop-proposed-2022-energy-code-low-rise-residential-heat-pump/
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2.  HERS-Verified Reduced Building Air Leakage 

3.  Heat Recovery Ventilator or Energy Recovery Ventilator (HRV/ERV) 

4.  Heat Pump Water Heater (HPWH) Demand Management System 

5.  Battery Storage System 

The proposed change also requires that two prerequisite options be met rather than 

one. The proposed five new options are described individually below including rationale 

for adding the measure and a discussion of compliance and enforcement. Energy 

savings and cost effectiveness are not presented for each proposed measure 

individually. Instead, two measures were selected per the proposed requirement, 

CHWDS-H and VLLDCS, to demonstrate cost effectiveness. 

5.2.1 Description of Prerequisite Options 

5.2.1.1 High Performance Fenestration 

Code Change Description 

This measure would add a prerequisite option to use high efficiency fenestration 

products, including glazed doors, with an area weighted average U-factor no greater 

than 0.24 Btu/hr-ft2 -ÁF. 

Rationale 

High performance fenestration reduces heating and cooling energy and improves 

interior comfort. In recent years, the window industry has continually advanced the 

performance of glazing products with technological advancements including lower cost 

thin-profile triple-pane windows and advanced coatings. Costs have decreased for at 

least some features of high efficiency windows, and durability has improved. 

Fenestration performance with a U-factor less than or equal to 0.24 can be met with 

triple pane products or a dual pane product with low-E coatings on multiple glazing 

surfaces. Encouraging the installation of high performance fenestration products in new 

buildings will help shift the market toward these products and reduce costs.  

5.2.1.2 HERS-Verified Reduced Building Air Leakage  

Code Change Description 

This measure would add a prerequisite option to require building air leakage be tested by 

a HERS Rater to meet no greater than 1.5 air changes per hour at 50 pascals (ACH50). 

The procedures in Title 24, Part 6 Reference Appendix RA3.8 shall be followed. 

Rationale 

Requiring building air leakage testing and minimizing building infiltration to 1.5 ACH50 

would result in energy benefits through improved air sealing practices that reduce 
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heating and cooling loads and minimize unintentional air movement in and out of a 

building to allow for better control of air quality and moisture.  

5.2.1.3 Heat Recovery Ventilator or Energy Recovery Ventilator  

Code Change Description 

This measure would add a prerequisite option for installation of a heat recovery 

ventilator (HRV) or an energy recovery ventilator (ERV) to satisfy the building 

mechanical ventilation requirements. The HRV or ERV shall have a minimum sensible 

recovery efficiency of 67 percent, rated at 32 ϲF (0 ϲC), and a minimum fan efficacy of 

0.6 W per cfm. 

Rationale 

Balanced ventilation systems provide indoor air quality benefits as they control and filter 

outdoor air entering the building. Heat or energy recovery saves energy by tempering 

the incoming air using the exhaust air stream, reducing the heating or cooling loads as a 

result of ventilation. 

5.2.1.4 HPWH Demand Management System  

Code Change Description 

This measure would add a prerequisite option for installation of a unitary HPWH with 

demand management capabilities to serve the domestic water heating needs of the 

building. The HPWH shall meet the requirements of Title 24, Part 6 Reference Appendix 

JA13 and qualify for either the Basic Plus or Advanced Load Up control option. 

Rationale 

Since HPWHs generally feature small compressors, operating cycles are considerably 

longer than conventional water heating technologies. When the compressor is unable to 

maintain tank temperature during high hot water draw events, supplemental electric 

resistance heating is energized. The 50 gallons of storage (or more) integrated into 

most HPWHs offer demand flexibility capabilities by allowing compressor operation to 

be shifted away from peak load events by charging the storage tank beyond the normal 

setpoint. A load-shifting operating mode shifts operation to the middle of the day to 

maximize the use of available renewable generation resources and reduce the use of 

non-renewable generation resources.  

5.2.1.5 Battery Storage System  

Code Change Description 

This measure would add a prerequisite option for installation of a battery storage 

system. The battery storage system shall meet the requirements of Title 24, Part 6 
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Reference Appendix JA12 and qualify for either the Time-of-Use Control or Advanced 

Demand Flexibility Control option. 

Rationale 

Battery storage systems are beneficial to the occupant and the utility grid by serving the 

primary functions of daily cycling for load shifting, which maximizes solar self-utilization, 

and grid harmonization. Residential occupants purchase battery storage systems for a 

variety of use cases, including, but not limited to, solar PV self-consumption, backup 

power for grid emergencies, and avoiding electricity purchases during higher priced 

time-of-use periods.  

5.2.2 Energy Savings 

Energy savings and cost effectiveness are presented for two of the prerequisite options: 

CHWDS-H and VLLDCS. CBECC-Res 2022.0.4 RV (1174) was used for all simulations. 

5.2.2.1 HERS-Verified Compact Hot Water Distribution System (CHWDS-H) 

Energy savings and peak demand reductions per unit for CHWDS-H are presented in 

Table 2. Savings are relative to a single family home without CHWDS-H, regardless of 

whether it is specified in the Standard Design. CHWDS-H requirements are specified in 

the Title 24, Part 6 Reference Appendix RA3.6.5 and modeled in CBECC-Res as the 

expanded credit with a custom compactness factor of 0.6. Per-unit savings for the first 

year are expected to range from 2 to 243 annual kWh and 0 to 9 annual therms 

depending upon climate zone. Demand reductions are marginal for this water heating 

measure.  
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Table 2: CHWDS-H First-Year Energy Impacts Per Home ï Single Family 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 243 0.09 0 6,309 

2 174 0.04 0 4,319 

3 2 0.00 9 3,135 

4 2 0.00 8 2,906 

5 2 0.00 9 3,111 

6 2 0.00 8 2,765 

7 2 0.00 8 2,724 

8 2 0.00 7 2,631 

9 2 0.00 7 2,679 

10 2 0.00 7 2,644 

11 140 0.01 0 3,696 

12 140 0.03 0 3,819 

13 2 0.00 7 2,631 

14 2 0.00 8 2,764 

15 2 0.00 5 1,997 

16 144 0.02 0 3,012 

 

5.2.2.2 Verified Low Leakage Ducts in Conditioned Space (VLLDCS) 

Energy savings and peak demand reductions per unit for Verified Low Leakage Ducts in 

Conditioned Space are presented in Table 3. Savings are relative to a single family 

home that meets minimum code requirements with ducts in the attic and five percent 

duct leakage. Per-unit savings for the first year are expected to range from 35 to 466 

annual kWh and 0 to 54 annual therms depending upon climate zone. Demand 

reductions are expected to range between 0 kW and 0.3 kW depending on climate 

zone.  
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Table 3: Verified Low Leakage Ducts in Conditioned Space First-Year Energy 
Impacts Per Single Family Home 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 36 0.00 54 20,703 

2 35 0.01 29 18,260 

3 258 0.00 0 8,272 

4 197 0.04 0 10,554 

5 343 0.00 0 10,614 

6 95 0.04 0 6,218 

7 80 0.04 0 4,195 

8 90 0.11 0 6,442 

9 121 0.12 0 7,545 

10 180 0.16 0 10,049 

11 145 0.17 20 17,417 

12 53 0.05 17 12,953 

13 329 0.20 0 15,329 

14 466 0.18 0 18,401 

15 375 0.30 0 17,078 

16 53 0.03 40 16,623 

 

5.2.3 Cost Effectiveness  

Energy savings and cost effectiveness are presented for two of the prerequisite options: 

CHWDS-H and Verified Low Leakage Ducts in Conditioned Space. Cost-effectiveness 

for some of the other prerequisite options have been demonstrated in past code cycles 

and are prescriptively required in the current code. These include roof deck insulation 

(Statewide CASE Team 2017c), high performance walls (HPW) (Statewide CASE Team 

2017d), drain water heat recovery (DWHR) (Statewide CASE Team 2017b), and 

CHWDS-H (Statewide CASE Team 2017a). Some of the measures have also been 

evaluated for the 2022 code cycle, including demand management for HPWHs (Statewide 

CASE Team 2020), battery storage systems (Statewide CASE Team 2020), and heat or 

energy recovery ventilators for multifamily buildings (Statewide CASE Team 2020a). 

Table 4 summarizes the incremental cost assumptions for the two measures evaluated. 

Incremental costs represent the equipment, installation, replacement, and maintenance 

costs of the proposed measures relative to the base case. No replacement or 

maintenance costs were assumed for either CHWDS-H or Verified Low Leakage Ducts 

in Conditioned Space measures. Costs were estimated to reflect costs to the building 

owner. All costs are provided as present value in 2023 (2023 PV$). Costs due to 
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variations in furnace, air conditioner, and heat pump capacity by climate zone were not 

accounted for in the analysis. 

Table 4: Prerequisite Options Incremental Costs for a 2,400 Square Foot Single 
Family Building 

Measure 
Incremental 
First Cost 
(2023 PV$) 

Source and Notes 

CHWDS-H $300 
Cost based on re-locating the water heating on an interior garage 
wall ($150) and HERS Rater verification ($150) (Statewide Reach 
Codes Team 2019). 

VLLDCS $707 

Costs based on a 2015 report on the Evaluation of Ducts in 
Conditioned Space for New California Homes (Davis Energy 
Group 2015). HERS incremental verification cost of $100 for the 
VLLDCS credit relative to standard duct testing for code 
compliance (Statewide Reach Codes Team 2019). 

 

Results of the per-unit cost-effectiveness analyses for CHDWS-H and Verified Low 

Leakage Ducts in Conditioned Space are presented in Table 5 and Table 6, 

respectively. The proposed measures save money over the 30-year period of analysis 

and are cost effective in every climate zone. 

Table 5: CHWDS-H 30-Year Cost-Effectiveness Summary Per Single Family Home 

Climate 
Zone 

Benefits - TDV Energy Cost 
Savings + Other PV Savings 

(2023 PV$) 

Costs - Total Incremental 
PV Costs  
(2023 PV$) B/C ratio 

1 $1,091  $300  3.6 

2 $747  $300  2.5 

3 $542  $300  1.8 

4 $503  $300  1.7 

5 $538  $300  1.8 

6 $478  $300  1.6 

7 $471  $300  1.6 

8 $455  $300  1.5 

9 $463  $300  1.5 

10 $457  $300  1.5 

11 $639  $300  2.1 

12 $661  $300  2.2 

13 $455  $300  1.5 

14 $478  $300  1.6 

15 $345  $300  1.2 

16 $521  $300  1.7 
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Table 6: Verified Low Leakage Ducts in Conditioned Space 30-Year Cost-
Effectiveness Summary Per Single Family Home 

Climate 
Zone 

Benefits 

TDV Energy Cost 
Savings + Other PV 

Savings 

(2023 PV$) 

Costs 

Total Incremental PV 
Costs 

(2023 PV$) 

B/C ratio 

1 $3,582  $707  5.1 

2 $3,159  $707  4.5 

3 $1,431  $707  2.0 

4 $1,826  $707  2.6 

5 $1,836  $707  2.6 

6 $1,076  $707  1.5 

7 $726  $707  1.0 

8 $1,115  $707  1.6 

9 $1,305  $707  1.8 

10 $1,738  $707  2.5 

11 $3,013  $707  4.3 

12 $2,241  $707  3.2 

13 $2,652  $707  3.8 

14 $3,183  $707  4.5 

15 $2,954  $707  4.2 

16 $2,876  $707  4.1 

 

5.3 Tier 1 and Tier 2 Performance Standards and Prescriptive 
Requirements 

5.3.1 Code Change Description 

This measure would revise the Tier 1 and Tier 2 climate zone-specific performance 

targets and change the requirement from a TDV EDR (or EDR2) Target to an EDR2 

Margin. Tier 1 is structured as an all-electric preferred option for jurisdictions with 

proposed EDR2 Margins for mixed-fuel buildings ranging from 17 to 32, depending on 

climate zone. All-electric buildings must meet proposed EDR2 Margins from 5 to 8, 

except in Climate Zone 16 where there is no above code requirement. Additionally, this 

proposal recommends a Tier 1 requirement where mixed-fuel buildings must install 

either a heat pump for space heating or water heating.  

Tier 2 does not provide a path for mixed-fuel buildings and has proposed EDR2 Margins 

for all-electric buildings ranging from 8 to 25, depending on climate zone.  
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Table 7 summarizes the EDR2 Margin targets by climate zone. For reference, Table 8 

presents the equivalent source energy EDR1 Margins for the packages. 

Table 7: Total EDR2 Margin Target by Climate Zone 

Climate 
Zone 

Tier 1 
Mixed-Fuel 

Tier 1 
All-Electric 

Tier 2 
Mixed-Fuel 

Tier 2 
All-Electric 

1 27 7 N/A 25 

2 25 6 N/A 18 

3 26 6 N/A 16 

4 25 7 N/A 16 

5 30 5 N/A 17 

6 29 8 N/A 17 

7 32 8 N/A 17 

8 25 7 N/A 14 

9 27 7 N/A 14 

10 23 6 N/A 13 

11 19 5 N/A 12 

12 22 5 N/A 14 

13 21 6 N/A 11 

14 24 5 N/A 15 

15 17 5 N/A 8 

16 24 0 N/A 17 
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Table 8: Total EDR1 Margins by Climate Zone 

Climate 
Zone 

Tier 1 
Mixed-Fuel 

Tier 1 
All-Electric 

Tier 2 
Mixed-Fuel 

Tier 2 
All-Electric 

1 11 24 N/A 27 

2 11 13 N/A 15 

3 12 13 N/A 15 

4 13 13 N/A 15 

5 13 12 N/A 15 

6 17 17 N/A 19 

7 18 18 N/A 20 

8 16 15 N/A 17 

9 16 14 N/A 16 

10 15 13 N/A 15 

11 10 11 N/A 13 

12 11 11 N/A 13 

13 12 11 N/A 12 

14 13 10 N/A 12 

15 13 11 N/A 12 

16 10 0 N/A 23 

 

5.3.2 Rationale 

The existing EDR2 Targets for Tier 1 are technically feasible but challenging to achieve 

cost effectively. The existing Tier 2 EDR2 Targets of 0 in most climates require a PV 

system sized substantially over the calculated annual electricity use of the building, 

which may violate current utility net energy metering (NEM) requirements and adversely 

impact the local and regional electricity grid. The proposed approach and EDR2 

Margins represent a technically feasible and cost-effective approach that could more 

easily be adopted and justified by a local jurisdiction. 

EDR2 Margins are proposed in place of absolute EDR2 Targets to treat buildings of 

different conditioned floor area more equitably. Smaller homes generally have slightly 

higher EDR2 values than larger homes, making it harder for smaller homes, such as 

accessory dwelling units, to meet the same EDR2 Target. 

This proposal responds to two types of reach codes that have been consistently 

adopted by jurisdictions under the 2019 code cycle. The ñelectric-preferredò reach code, 

represented by the proposed Tier 1, provides a path for mixed-fuel buildings but 

establishes more stringent requirements for these buildings than for all-electric 

buildings. The other type of reach code currently adopted is ñelectric-requiredò where no 
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path is provided for mixed-fuel buildings and all-electric construction is required. This 

approach is represented by the proposed Tier 2. 

5.3.3 Energy Savings 

EDR2 Margin targets were developed using reach code analysis conducted for low-rise 

residential buildings for the 2019 Title 24, Part 6 code as a starting point (Statewide 

Reach Codes Team 2019). The packages presented in the statewide report were 

refined to better align with CALGreenôs two-tiered approach and reflect technology 

advancements and savings and cost-effectiveness impacts based on the 2022 TDV and 

revised proposed baselines. CBECC-Res 2022.0.4 RV (1174) was used for all 

simulations. 

The following is a description of the measures applied in the packages. A summary of 

the differences between each package and the base case against which energy savings 

and cost impacts are evaluated is presented in Table 10 through Table 13. The 

highlighted cells in the tables represent any differences for each component. 

Solar Photovoltaics (PV): Installation of on-site PV is prescriptively required in the 

2019 residential code. The PV sizing methodology in each package was developed to 

offset annual building electricity use and avoid too much oversizing violating NEM 

rules.6 The following sizing approach was applied. Table 9 provides details on the PV 

size by climate zone for each case. 

¶ Tier 1 Mixed-Fuel: PV system sized to offset 120 percent of annual estimated 

electricity use (coupled with battery storage). 

¶ Tier 1 All-Electric: Increase Standard Design PV system size by 0.4 to 1.1 kWDC 

(except in Climate Zone 16). This increase was established to achieve a 3 Total 

EDR2 Margin relative to an all-electric home meeting the 2019 Title 24, Part 6 

prescriptive requirements. Relative to the Energy Commissionôs proposed 2022 

baseline (see Appendix A) a 2019 prescriptive all-electric code compliant home 

achieves a Total EDR2 Margin of 2 to 5, except in Climate Zone 16 where there 

is a compliance penalty of -4. 

¶ Tier 2 All-Electric: PV system sized to offset 100 percent of annual estimated 

electricity use. 

In all cases, PV is evaluated in CBECC-Res according to the California Flexible 

Installation (CFI1) assumptions. 

 
6 NEM rules apply to the IOU territories only. 
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Table 9: Proposed PV Size by Case and Climate Zone (kWDC) 

Climate 
Zone 

Base Case 
(per 2019 code) 

Tier 1 
Mixed-Fuel 

Tier 1 
All-Electric 

Tier 2 
Mixed-Fuel 

Tier 2 
All-Electric 

1 3.4 5.8 4.5 n/a 8.4 

2 2.8 4.6 3.6 n/a 5.9 

3 2.7 4.2 3.4 n/a 4.9 

4 2.7 4.2 3.5 n/a 4.8 

5 2.5 3.9 3.0 n/a 4.5 

6 2.5 3.4 3.0 n/a 3.9 

7 2.7 3.5 3.2 n/a 4.1 

8 2.9 3.8 3.4 n/a 4.2 

9 2.8 3.8 3.3 n/a 4.1 

10 3.0 4.2 3.5 n/a 4.5 

11 3.7 5.4 4.6 n/a 6.3 

12 2.9 4.6 3.7 n/a 5.4 

13 3.8 5.7 4.8 n/a 5.9 

14 2.9 4.9 3.6 n/a 5.2 

15 5.0 6.4 5.6 n/a 6.1 

16 2.7 4.4 2.7 n/a 6.7 

 

Battery Storage: A ten kWh battery system was evaluated in CBECC-Res for the Tier 1 

mixed-fuel case, with control type set to ñAdvanced DR Controlò and with default 

efficiencies of 95 percent for both charging and discharging. This control option requires 

the battery storage system to meet the DR control requirements specified in Title 24, 

Part 6 Section 110.12(a) and have the ability to change the charging and discharging 

periods in response to signals from the local utility or a third-party aggregator.  

In CBECC-Res a battery system with Advanced DR Control uses the current dayôs TDV 

schedule to make dynamic time-of-use priorities. This strategy activates on days that 

have a peak TDV greater than ten TDV/kBtu. On all other days, the battery system 

charges when production exceeds demand and the battery is not fully charged, and 

discharges when demand exceeds production. 

HPWH: To estimate energy savings and demonstrate cost effectiveness for the Tier 1 

heat pump requirement for mixed-fuel buildings, the water heating end-use was 

evaluated. A HPWH was evaluated and compared to a gas tankless water heater, both 

of which are minimally compliant with federal standards. All other building 

characteristics were compliant with the proposed 2022 base case in both simulations, 

including the compact water heating and drain water heat recovery credits (see Table 

74 in Appendix A). 
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Table 10: Summary of Difference Between Base Case and Proposed Case for Tier 1 Mixed-Fuel EDR2 Margin 
Analysis1 

Climate 
Zone 

Base Case Proposed Case 

Space 
Heating 

Type 

Water 
Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW) 

Battery 
Space 

Heating  
Water 

Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW)2 

Battery 

1 Gas Furnace HPWH Gas 3.4 None Gas Furnace HPWH Gas 5.8 10kWh 

2 Gas Furnace HPWH Gas 2.8 None Gas Furnace HPWH Gas 4.6 10kWh 

3 Heat Pump Gas Tankless Gas 2.7 None Heat Pump Gas Tankless Gas 4.2 10kWh 

4 Heat Pump Gas Tankless Gas 2.7 None Heat Pump Gas Tankless Gas 4.2 10kWh 

5 Heat Pump Gas Tankless Gas 2.5 None Heat Pump Gas Tankless Gas 3.9 10kWh 

6 Heat Pump Gas Tankless Gas 2.5 None Heat Pump Gas Tankless Gas 3.4 10kWh 

7 Heat Pump Gas Tankless Gas 2.7 None Heat Pump Gas Tankless Gas 3.5 10kWh 

8 Heat Pump Gas Tankless Gas 2.9 None Heat Pump Gas Tankless Gas 3.8 10kWh 

9 Heat Pump Gas Tankless Gas 2.8 None Heat Pump Gas Tankless Gas 3.8 10kWh 

10 Heat Pump Gas Tankless Gas 3.0 None Heat Pump Gas Tankless Gas 4.2 10kWh 

11 Gas Furnace HPWH Gas 3.7 None Gas Furnace HPWH Gas 5.4 10kWh 

12 Gas Furnace HPWH Gas 2.9 None Gas Furnace HPWH Gas 4.6 10kWh 

13 Heat Pump Gas Tankless Gas 3.8 None Heat Pump Gas Tankless Gas 5.7 10kWh 

14 Heat Pump Gas Tankless Gas 2.9 None Heat Pump Gas Tankless Gas 4.9 10kWh 

15 Heat Pump Gas Tankless Gas 5.0 None Heat Pump Gas Tankless Gas 6.4 10kWh 

16 Gas Furnace HPWH Gas 2.7 None Gas Furnace HPWH Gas 4.4 10kWh 

1Differences between the base case and proposed case are highlighted in blue. 

2Proposed case PV system sized to 120 percent of annual estimated electricity use.  



 

Voluntary Energy Efficiency Requirements for Title 24, Part 11 (CALGreen) | 33 

Table 11: Summary of Difference Between Base Case and Proposed Case for Tier 1 Mixed-Fuel Heat Pump 
Requirement1 

Climate 
Zone 

Base Case Proposed Case 

Space 
Heating 

Type 

Water 
Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW) 

Battery 
Space 

Heating  
Water 

Heating 

Cooking/ 
Drying 

Fuel 
PV (kW) Battery 

1 Gas Furnace Gas Tankless Gas 3.4 None Gas Furnace HPWH Gas 3.4 None 

2 Gas Furnace Gas Tankless Gas 2.8 None Gas Furnace HPWH Gas 2.8 None 

3 Heat Pump Gas Tankless Gas 2.7 None Heat Pump HPWH Gas 2.7 None 

4 Heat Pump Gas Tankless Gas 2.7 None Heat Pump HPWH Gas 2.7 None 

5 Heat Pump Gas Tankless Gas 2.5 None Heat Pump HPWH Gas 2.5 None 

6 Heat Pump Gas Tankless Gas 2.5 None Heat Pump HPWH Gas 2.5 None 

7 Heat Pump Gas Tankless Gas 2.7 None Heat Pump HPWH Gas 2.7 None 

8 Heat Pump Gas Tankless Gas 2.9 None Heat Pump HPWH Gas 2.9 None 

9 Heat Pump Gas Tankless Gas 2.8 None Heat Pump HPWH Gas 2.8 None 

10 Heat Pump Gas Tankless Gas 3.0 None Heat Pump HPWH Gas 3.0 None 

11 Gas Furnace Gas Tankless Gas 3.7 None Gas Furnace HPWH Gas 3.7 None 

12 Gas Furnace Gas Tankless Gas 2.9 None Gas Furnace HPWH Gas 2.9 None 

13 Heat Pump Gas Tankless Gas 3.8 None Heat Pump HPWH Gas 3.8 None 

14 Heat Pump Gas Tankless Gas 2.9 None Heat Pump HPWH Gas 2.9 None 

15 Heat Pump Gas Tankless Gas 5.0 None Heat Pump HPWH Gas 5.0 None 

16 Gas Furnace Gas Tankless Gas 2.7 None Gas Furnace HPWH Gas 2.7 None 

1Differences between the base case and proposed case are highlighted in blue.  
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Table 12: Summary of Difference Between Base Case and Proposed Case for Tier 1 All-Electric EDR2 Margin 
Analysis1 

Climate 
Zone 

Base Case Proposed Case 

Space 
Heating 

Type 

Water 
Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW) 

Battery 
Space 

Heating  
Water 

Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW)2 

Battery 

1 Gas Furnace HPWH Electric 3.4 None Heat Pump HPWH Electric 4.5 None 

2 Gas Furnace HPWH Electric 2.8 None Heat Pump HPWH Electric 3.6 None 

3 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 3.4 None 

4 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 3.5 None 

5 Heat Pump Gas Tankless Electric 2.5 None Heat Pump HPWH Electric 3.0 None 

6 Heat Pump Gas Tankless Electric 2.5 None Heat Pump HPWH Electric 3.0 None 

7 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 3.2 None 

8 Heat Pump Gas Tankless Electric 2.9 None Heat Pump HPWH Electric 3.4 None 

9 Heat Pump Gas Tankless Electric 2.8 None Heat Pump HPWH Electric 3.3 None 

10 Heat Pump Gas Tankless Electric 3.0 None Heat Pump HPWH Electric 3.5 None 

11 Gas Furnace HPWH Electric 3.7 None Heat Pump HPWH Electric 4.6 None 

12 Gas Furnace HPWH Electric 2.9 None Heat Pump HPWH Electric 3.7 None 

13 Heat Pump Gas Tankless Electric 3.8 None Heat Pump HPWH Electric 4.8 None 

14 Heat Pump Gas Tankless Electric 2.9 None Heat Pump HPWH Electric 3.6 None 

15 Heat Pump Gas Tankless Electric 5.0 None Heat Pump HPWH Electric 5.6 None 

16 Gas Furnace HPWH Electric 2.7 None Heat Pump HPWH Electric 2.8 None 

1Differences between the base case and proposed case are highlighted in blue. 

2Proposed case PV system sized to be 0.4 to 1.1 kWDC larger than the base case.  
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Table 13: Summary of Difference Between Base Case and Proposed Case for Tier 2 All-Electric EDR2 Margin 
Analysis1 

Climate 
Zone 

Base Case Proposed Case 

Space 
Heating 

Type 

Water 
Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW) 

Battery 
Space 

Heating  
Water 

Heating 

Cooking/ 
Drying 

Fuel 

PV 
(kW)2 

Battery 

1 Gas Furnace HPWH Electric 3.4 None Heat Pump HPWH Electric 8.4 None 

2 Gas Furnace HPWH Electric 2.8 None Heat Pump HPWH Electric 5.9 None 

3 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 4.9 None 

4 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 4.8 None 

5 Heat Pump Gas Tankless Electric 2.5 None Heat Pump HPWH Electric 4.5 None 

6 Heat Pump Gas Tankless Electric 2.5 None Heat Pump HPWH Electric 3.9 None 

7 Heat Pump Gas Tankless Electric 2.7 None Heat Pump HPWH Electric 4.1 None 

8 Heat Pump Gas Tankless Electric 2.9 None Heat Pump HPWH Electric 4.2 None 

9 Heat Pump Gas Tankless Electric 2.8 None Heat Pump HPWH Electric 4.1 None 

10 Heat Pump Gas Tankless Electric 3.0 None Heat Pump HPWH Electric 4.5 None 

11 Gas Furnace HPWH Electric 3.7 None Heat Pump HPWH Electric 6.3 None 

12 Gas Furnace HPWH Electric 2.9 None Heat Pump HPWH Electric 5.4 None 

13 Heat Pump Gas Tankless Electric 3.8 None Heat Pump HPWH Electric 5.9 None 

14 Heat Pump Gas Tankless Electric 2.9 None Heat Pump HPWH Electric 5.2 None 

15 Heat Pump Gas Tankless Electric 5.0 None Heat Pump HPWH Electric 6.1 None 

16 Gas Furnace HPWH Electric 2.7 None Heat Pump HPWH Electric 6.7 None 

1Differences between the base case and proposed case are highlighted in blue. 

2Proposed case PV system sized to 100 percent of annual estimated electricity use.  
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5.3.3.1 Tier 1 EDR2 Margins 

Energy savings and peak demand reductions per unit are presented in Table 14 for a 

mixed-fuel building and Table 15 for an all-electric building to meet the Tier 1 EDR2 

Margins from Table 7. In both cases savings are presented relative to a mixed-fuel code 

compliant home meeting the proposed 2022 base case with a heat pump for either 

space heating or water heating, depending on climate zone. Cooking and clothes drying 

fuel are natural gas for the mixed-fuel home and electric for the all-electric home and 

are the same between the base case and proposed case. 

For the mixed-fuel home, Tier 1 energy impacts are a result of electricity savings from a 

larger PV system as well as a ten kWh battery storage system. Per-unit electricity 

impacts for the first year are expected to range from 1,148 to 3,515 kWh and 0 therm 

depending upon climate zone. Demand reductions are expected to range between 1.18 

kW and 2.11 kW depending on climate zone.  

For the all-electric home, energy impacts are a result of electricity savings from a larger 

PV system as well as electrification of either the space heating or water heating load. Per-

unit electricity impacts for the first year are expected to range from savings of 564 kWh to 

an increase of 2,352 kWh, depending upon climate zone. Natural gas savings range from 

83 to 355 therm per year. Demand impacts are expected to range from savings of 0.03 

kW to an increase of 0.13 kW, depending on climate zone. There is no proposed above-

code requirement for Climate Zone 16; and therefore, no savings are presented. 
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Table 14: Tier 1 EDR Margin Performance Requirement First-Year Energy Impacts 
Per Home ï Single Family Mixed-Fuel 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 2,873 1.28 0 121,241 

2 2,559 1.31 0 124,379 

3 2,197 1.18 0 108,383 

4 2,140 1.20 0 112,577 

5 2,207 1.50 0 118,820 

6 1,358 1.30 0 101,867 

7 1,148 2.11 0 103,845 

8 1,312 1.20 0 104,732 

9 1,539 1.56 0 116,562 

10 1,946 1.47 0 106,754 

11 2,564 1.73 0 121,632 

12 2,429 1.30 0 122,106 

13 2,923 1.96 0 133,445 

14 3,515 1.74 0 141,809 

15 2,250 1.69 0 113,078 

16 2,480 1.36 0 122,006 
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Table 15: Tier 1 EDR Margin Performance Requirement First-Year Energy Impacts 
Per Home ï Single Family All-Electric 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (2,352) 0.03  355  32,537  

2 (992) 0.02  202  31,562  

3 (240) (0.11) 126  27,444  

4 61  (0.11) 118  33,831  

5 (432) (0.10) 118  22,710  

6 (139) (0.10) 114  30,545  

7 (216) (0.13) 113  28,454  

8 (110) (0.06) 104  30,656  

9 54  (0.05) 103  32,259  

10 (11) (0.03) 103  30,648  

11 (463) (0.05) 181  33,717  

12 (477) 0.00  168  30,188  

13 519  (0.02) 109  39,671  

14 (69) (0.02) 114  31,197  

15 564  (0.00) 83  36,354  

16 n/a n/a n/a n/a 

 

5.3.3.2 Tier 1 Heat Pump Requirement: HPWH 

Water heating end-use was evaluated to estimate energy savings and demonstrate cost 

effectiveness for the Tier 1 heat pump requirement for mixed-fuel buildings. Energy and 

peak demand impacts per unit are presented in Table 16. Switching from a natural gas 

tankless water heater to a HPWH results in per-unit electricity increases for the first year 

between 566 and 1,687 kWh, depending on climate zone, and natural gas savings 

between 83 and 126 therm per year. Electricity demand increases are expected to 

range between 0.01 kW and 0.17 kW depending upon climate zone.  

This measure on its own results in TDV energy savings in all case except in Climate 

Zones 1 and 16, where cold conditions impact HPWH performance. Energy savings can 

be realized with higher performance HPWHs, such as those rated by the Northwest 

Energy Efficiency Alliance7 as Tier 3 or 4; however, this evaluation is limited by federal 

preemption and higher performance HPWHs cannot be used as the basis of a local 

ordinance. Other design strategies also improve performance, such as locating the 

 
7 https://neea.org/our-work/advanced-water-heating-specification  

https://neea.org/our-work/advanced-water-heating-specification
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HPWH in conditioned space8 and ducting the exhaust air streams, but CBECC-Res 

does not have the capability to evaluate ducted HPWHs currently. For Climate Zone 1 

and 16 the combined impact of switching from gas to heat pump water heating and 

meeting the Tier 1 EDR2 Margin targets is evaluated and the results presented in Table 

17. There are electricity and natural gas savings in both cases. 

Table 16: Tier 1 Heat Pump Requirement First-Year Energy Impacts Per Home ï 
Single Family Mixed-Fuel 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (1,687) (0.17) 126  (482) 

2 (1,425) (0.14) 124  8,044  

3 (1,409) (0.13) 126  8,539  

4 (1,195) (0.13) 118  11,907  

5 (1,233) (0.11) 118  9,622  

6 (1,028) (0.12) 114  15,339  

7 (1,002) (0.14) 113  15,480  

8 (852) (0.07) 104  16,643  

9 (867) (0.07) 103  15,713  

10 (884) (0.04) 103  15,372  

11 (1,166) (0.05) 111  10,794  

12 (1,235) (0.11) 117  10,383  

13 (1,048) (0.05) 109  13,230  

14 (1,237) (0.04) 114  10,434  

15 (566) (0.01) 83  16,677  

16 (1,311) (0.08) 97  (9,591) 

 

Table 17: Combined Tier 1 EDR2 Margin and Heat Pump Requirement First-Year 
Energy Impacts Per Home ï Single Family Mixed-Fuel 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 1,186 1.11 126 120,759 

16 1,170 1.28 97 112,415 

 

 
8 Or other locations that are warmer or more tempered than an unconditioned garage. 
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5.3.3.3 Tier 2 EDR2 Margins  

The all-electric Tier 2 case was evaluated relative to a mixed-fuel code compliant home 

with a heat pump for either space heating or water heating depending on climate zone. 

Energy savings and peak demand reductions per unit are presented in Table 18 to meet 

the Tier 2 EDR2 Margins from Table 7. Energy impacts are a result of natural gas 

savings resulting from elimination of natural gas space or water heating appliance and 

electricity savings from a larger PV system. Cooking and clothes drying are electric in 

both the base case and proposed case. Per-unit savings for the first year are expected 

to range from 1,341 to 3,081 kWh and 83 to 359 therms depending upon climate zone. 

Demand impacts are expected to range from savings of 0.14 kW to an increase of 0.11 

kW depending on climate zone.  

Table 18: Tier 2 EDR2 Margin Performance Requirement First-Year Energy 
Impacts Per Home ï Single Family All-Electric 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 2,795  0.14  355  114,134  

2 2,534  0.08  202  90,626  

3 2,242  (0.06) 126  67,691  

4 2,153  (0.07) 118  70,457  

5 2,244  (0.06) 118  66,458  

6 1,499  (0.08) 114  58,800  

7 1,341  (0.11) 113  54,525  

8 1,365  (0.04) 104  58,649  

9 1,549  (0.04) 103  59,225  

10 1,834  (0.00) 103  63,027  

11 2,267  (0.01) 181  79,124  

12 2,341  0.05  168  76,686  

13 2,470  0.01  109  72,494  

14 3,081  0.02  114  86,951  

15 1,450  0.01  83  51,768  

16 2,416  0.10  359  89,268  

 

5.3.4 Cost Effectiveness 

5.3.4.1 Incremental Costs 

Table 19: Tier 1 & 2 Performance Standards Incremental Costs for a 2,400 Square Foot 

Single Family Building presents incremental cost assumptions used to meet the 
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proposed Tier 1 and Tier 2 EDR2 Margin requirements. Table 20 summarizes HPWH 

incremental cost assumptions for the Tier 1 heat pump requirement. Costs are based on 

the 2019 low-rise residential new construction reach code report (Statewide Reach 

Codes Team 2019) and have been updated in some cases based on improved data. 

Incremental costs represent the equipment, installation, replacement, and maintenance 

costs of the proposed measures relative to the base case. Replacement costs are 

applied to water heating equipment, PV inverters, and battery systems over the 30-year 

evaluation period. Costs were estimated to reflect costs to the building owner. All costs 

are provided as present value in 2023 (2023 PV$).  

Table 19: Tier 1 & 2 Performance Standards Incremental Costs for a 2,400 Square 
Foot Single Family Building 

Measure 

Incremental 
First Cost 

(2023 PV$) 

Incremental 
Replacement 
Cost 

(2023 PV$) 

Source and Notes 

PV 
System 

$3.43/WDC $0.44/WDC 

First costs are from LBNLôs Tracking the Sun 2019 costs 
(Barbose 2019) and represent costs for the first half of 
2019 of $3.70/WDC for residential systems. These costs 
were reduced by 7% for the solar investment tax credit, 
which is the average credit across years 2023-2025 
(22% for 2023 and 0% for 2024-2025 unless the credit is 
extended). 

Inverter replacement cost of $0.14/WDC present value 
includes replacements at year 11 at $0.15/WDC (nominal) 
and at year 21 at $0.12/WDC (nominal) per the 2019 PV 
CASE Report (California Energy Commission 2017). 

System maintenance costs of $0.31/WDC present value 
assume $0.02/WDC (nominal) annually per the 2019 PV 
CASE Report (California Energy Commission 2017). 

Battery 
Storage 

$690/kWh $584kWh 

$1,000/kWh first cost in 2020 based on Self-Generation 
Investment Program residential participant cost data. To 
estimate the first cost in future years this was reduced 
by 7% annually based on SDG&Eôs Behind-the-Meter 
Battery Market Study (E Source Companies 2020). This 
cost is further reduced by the solar investment tax credit 
which is 22% for 2023 and 0% for 2024-2025 unless the 
credit is extended). Costs are presented as the average 
of 2023, 2024, and 2025. 

Replacement cost at year 10 and 20 are calculated 
based on the 2020 cost of 1,000/kWh reduced by 7% 
annually over the subsequent 11 years for a future value 
cost of $450 (present value of $335 in year 10 and $249 
in year 20). 
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Table 20: HPWH Compared to a Gas Tankless Incremental Costs for a 2,400 
Square Foot Single Family Building 

Measure 

Incremental Cost 
(2023 PV$) 

First Cost 

Incremental 
Cost (2023 

PV$) 

Replacement 
Cost 

Incremental 
Cost (2023 

PV$) 

Total 

Equipment & Installa $0  $478  $478  

Electric Service Upgradeb $0  $0  $0  

In-House Gas Pipingc ($200) $0  ($200) 

Total ($200) $478  $278  

Sources and notes: 

a. 2019 low-rise residential new construction reach code report (Statewide Reach Codes Team 2019). 

Replacement costs are based on 15 years for HPWH and 20 years for tankless natural gas water 

heater. 

b. No cost since 2019 Title 24, Part 6 code requires 240V electrical infrastructure be provided to all water 

heater locations. 

c. 2019 low-rise residential new construction reach code report (Statewide Reach Codes Team 2019). 

 

Table 21: Heat Pump Space Heater Compared to a Gas Furnace and Air 
Conditioner Incremental Costs for a 2,400 Square Foot Single Family Building 

Measure 

Incremental Cost 
(2023 PV$) 

First Cost 

Incremental 
Cost (2023 

PV$) 

Replacement 
Cost 

Incremental 
Cost (2023 

PV$) 

Total 

Equipment & Installa ($221) $787  $567  

Electric Service Upgradeb $220  $0  $220  

In-House Gas Pipingc ($200) $0  ($200) 

Total ($201) $787  $586  

Sources and notes: 

a. 2019 low-rise residential new construction reach code report (Statewide Reach Codes Team 2019). 

Replacement costs are based on 15 years for the heat pump and 20 years for the gas furnace and air 

conditioner. 

b. Costs based on 2020 RS Means. Material and labor to install 30A 240V circuit less cost to install 15A 

120V duplex outlet. 

c. 2019 low-rise residential new construction reach code report (Statewide Reach Codes Team 2019). 

 

5.3.4.2 Tier 1 EDR2 Margins 

Per-unit cost-effectiveness results of the Tier 1 EDR2 margins are presented in Table 

22 and Table 23 for the mixed-fuel and all-electric cases, respectively. The proposed 

packages save money over the 30-year period of analysis relative to the existing 
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conditions. The proposed code change is cost effective in every climate zone except in 

Climate Zone 1 with the mixed-fuel package. The Climate Zone 1 package will be 

evaluated further for the final report and is expected to be cost effective once additional 

efficiency measures are incorporated. 

There is no proposed above-code requirement for the all-electric case in Climate Zone 

16 and therefore no analysis results are presented. 

Table 22: Tier 1 EDR2 Margin Performance Requirement 30-Year Cost-
Effectiveness Summary Per Single Family Mixed-Fuel Home 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other Savings 

(2023 PV$) 

Costs 

Total Incremental Costs 

(2023 PV$) 
Benefit-to-
Cost Ratio 

1 $20,975 $21,966  0.95 

2 $21,517 $19,741  1.1 

3 $18,750 $18,617  1.0 

4 $19,476 $18,349  1.1 

5 $20,556 $18,279  1.1 

6 $17,623 $16,296  1.1 

7 $17,965 $16,063  1.1 

8 $18,119 $16,340  1.1 

9 $20,165 $16,681  1.2 

10 $18,468 $17,580  1.1 

11 $21,042 $19,664  1.1 

12 $21,124 $19,129  1.1 

13 $23,086 $20,228  1.1 

14 $24,533 $20,435  1.2 

15 $19,562 $18,282  1.1 

16 $21,107 $18,996  1.1 
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Table 23: Tier 1 EDR2 Margin Performance Requirement 30-Year Cost-
Effectiveness Summary Per Single Family All-Electric Home 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savings 

(2023 PV$) 

Costs 

Total Incremental PV 
Costs 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $5,629  $4,968  1.1 

2 $5,460  $3,520  1.6 

3 $4,748  $3,092  1.5 

4 $5,853  $3,223  1.8 

5 $3,929  $2,072  1.9 

6 $5,284  $2,235  2.4 

7 $4,922  $2,135  2.3 

8 $5,303  $1,965  2.7 

9 $5,581  $2,285  2.4 

10 $5,302  $2,181  2.4 

11 $5,833  $4,223  1.4 

12 $5,222  $3,517  1.5 

13 $6,863  $3,949  1.7 

14 $5,397  $2,640  2.0 

15 $6,289  $2,736  2.3 

16 n/a n/a n/a 

 

5.3.4.3 Tier 1 Heat Pump Requirement: HPWH 

Results of the cost-effectiveness analyses for Tier 1 heat pump requirement are 

presented in Table 24. To estimate energy savings and demonstrate cost effectiveness 

for the Tier 1 heat pump requirement, the water heating end-use is evaluated. The 

proposed package saves money over the 30-year period of analysis relative to the 

existing conditions and is cost effective in every climate zone except Climate Zones 1 

and 16. The combined impact of switching from gas to heat pump water heating and 

meeting the Tier 1 EDR2 Margin targets is evaluated for these two climate zones and 

the results presented in Table 25. The combined package saves money over the 30-

year period of analysis in Climate Zone 16 but not in Climate Zone 1. The Climate Zone 

1 package will be evaluated further for the final report and is expected to be cost 

effective once additional efficiency measures are incorporated. 
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Table 24: Tier 1 Heat Pump Requirement 30-Year Cost-Effectiveness Summary 
Per Single Family Mixed-Fuel Home 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savings 

(2023 PV$) 

Costs 

Total Incremental PV 
Costs 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 ($83) $278  --- 

2 $1,392  $278  5.0 

3 $1,477  $278  5.3 

4 $2,060  $278  7.4 

5 $1,665  $278  6.0 

6 $2,654  $278  9.5 

7 $2,678  $278  9.6 

8 $2,879  $278  10.3 

9 $2,718  $278  9.8 

10 $2,659  $278  9.6 

11 $1,867  $278  6.7 

12 $1,796  $278  6.5 

13 $2,289  $278  8.2 

14 $1,805  $278  6.5 

15 $2,885  $278  10.4 

16 ($1,659) $278  --- 

 

Table 25: Combined Tier 1 EDR2 Margin and Heat Pump Requirement 30-Year 
Cost-Effectiveness Summary Per Home - Single Family Mixed-Fuel 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savings 

(2023 PV$) 

Costs 

Total Incremental PV 
Costs 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $20,891  $22,244  0.9 

16 $19,448  $19,274  1.0 

 

5.3.4.4 Tier 2 EDR2 Margins  

Cost-effectiveness results for the all-electric Tier 2 EDR2 margins are presented in 

Table 26. The proposed package saves money over the 30-year period of analysis 

relative to the existing conditions and the proposed code change is cost effective in 

every climate zone except Climate Zones 1 and 16. These two packages will be 

evaluated further for the final report and are expected to be cost effective once 

additional efficiency measures are incorporated. 
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Table 26: Tier 2 EDR Margin Performance Requirement 30-Year Cost-
Effectiveness Summary Per Single Family All-Electric Home 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savings 

(2023 PV$) 

Costs 

Total Incremental PV 
Costs 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $19,745  $20,170  0.98 

2 $15,678  $12,299  1.3 

3 $11,710  $9,062  1.3 

4 $12,189  $8,129  1.5 

5 $11,497  $8,086  1.4 

6 $10,172  $5,842  1.7 

7 $9,433  $5,805  1.6 

8 $10,146  $5,319  1.9 

9 $10,246  $5,541  1.8 

10 $10,904  $6,200  1.8 

11 $13,688  $10,893  1.3 

12 $13,267  $10,210  1.3 

13 $12,541  $8,521  1.5 

14 $15,042  $9,008  1.7 

15 $8,956  $4,662  1.9 

16 $15,443  $15,840  0.97 

 

5.3.5 Additional Justification 

Non-energy benefits of the proposed measures may include increased property 

valuation. For all-electric construction additional benefits are reduced greenhouse gas 

emissions and indoor air quality concerns. 

5.4 Compliance and Enforcement 

Single family projects will have to demonstrate compliance with two prerequisite options, 

instead of one as is currently required in the voluntary energy efficiency requirements 

(Section A4.2). Project teams will have to clearly note which options were chosen so that 

they can be confirmed by building inspectors. If project teams choose to verify the air 

infiltration rate of the building, they will have to coordinate with a third party HERS Rater 

for verification that the building does not exceed an infiltration rate of 1.5 air changes per 

hour at 50 Pascals. Since project teams also need to comply with a performance target 

that is more stringent than Title 24, Part 6, it will be important that the design and energy 

modeling stages of the project overlap so that there is an understanding of what 

adjustments need to be made to meet the performance targets. Building departments will 

need to confirm that the energy model complies with the relevant tier requirement and 

then confirm that those measures are implemented in the field. 
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6. Multifamily Code Change Recommendations 

6.1 Tier 1 and Tier 2 Prerequisite Options 

6.1.1 Description of Prerequisite Options 

The Statewide CASE Team proposes a consolidation of multifamily voluntary 

CALGreen requirements into a new Section A4.204 for multifamily buildings. This 

section would include requirements from the 2019 low-rise residential and high-rise 

residential requirements which can be applied across all multifamily buildings and new 

prerequisite options. Prerequisite options from 2019 CALGreen requirements that would 

apply to multifamily buildings for the 2022 code include: 

¶ Quality insulation installation 

¶ High performance walls 

¶ Drain water heat recovery 

¶ Outdoor lighting 

The following prerequisite options would be added:  

¶ Building infiltration testing 

¶ CPC Appendix M pipe sizing 

¶ Induction cooktop 

The proposed change also requires that buildings include two prerequisite options, 

rather than one, for Tier 1 and Tier 2. Changes to the existing prerequisite options and 

the proposed new options are described individually below including rationale for adding 

the measure and a discussion of compliance and enforcement. Energy savings and cost 

effectiveness are not presented for each proposed measure individually, but rather for 

the entire requirement that two prerequisite options be selected. CPC Appendix M pipe 

sizing, and outdoor lighting power are used to demonstrate cost effectiveness in this 

report. 

6.1.1.1 High Performance Walls 

Code Change Description 

This measure would change the high performance walls prerequisite option from 0.048 

to 0.051, consistent with the most stringent prescriptive U-factor listed in the proposed 

2022 Title 24, Part 6 Table 170.2ïA. It would additionally apply the prerequisite option 

to all multifamily buildings, including high-rise residential buildings. 

Rationale 

The 2019 CALGreen high performance walls prerequisite option is single-family-centric, 

aligning with the single family prescriptive U-factor. To apply this effectively in 

multifamily buildings, the U-factor must change to align with a wall assembly that is 

more feasible in multifamily buildings. 
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6.1.1.2 Drain Water Heat Recovery 

Code Change Description 

This measure would expand the existing prerequisite option for drain water heat 

recovery (DWHR) that applies to low-rise residential buildings so that would newly apply 

to high-rise residential buildings. 

Rationale 

DWHR is effective in taller multifamily buildings, where vertically stacked showers can 

share a DWHR system. Low-rise and high-rise residential buildings also have identical 

domestic hot water heating requirements in 2019 and proposed 2022 Title 24, Part 6. 

Including DWHR as a prerequisite option for high-rise buildings would align with Part 6 

and create equity across multifamily buildings.  

6.1.1.3 Outdoor Lighting Power 

Code Change Description 

This measure would extend the nonresidential (high-rise residential) prerequisite option 

to low-rise multifamily buildings. The measure would also add a color temperature 

requirement for Specific Applications (Table 170.2-Q in Title 24, Part 6) for outdoor 

lighting. Currently, Specific Applications are exempt from 3000K color temperature 

requirement and this measure would add a maximum 4000K color temperature 

requirement and remove the previous exemption. 

Rationale 

Multifamily buildings of all types have outdoor lighting and will have the same outdoor 

lighting requirements under 2022 Title 24, Part 6. Extending this high-rise prerequisite 

option would provide continuity for high-rise residential buildings and opportunity for 

savings in low-rise residential buildings. 

This measure is possible due to two factors that influence the calculations employed by 

the Statewide CASE Team to determine outdoor lighting allowances for Title 24, Part 6. 

Outdoor lighting must meet the design criteria as established by the Illumination 

Engineering Society (IES) and LPA values must be calculated using lighting equipment 

available at the time of the calculations. The new requirements will go into effect several 

years later. 

The gap between the calculation period and the code implementation date results in 

newer lighting products that employ the newest LED technology to become available. 

This makes the code proposed values easier to achieve by increasing the luminaire 

efficacy with the newest LED generations. If the LEDs are gaining five percent per year 

in efficacy, a two-year gap between the time of calculations to the time of adoption is 
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expected to result in an improvement of light source efficacy of approximately ten 

percent, even if no other changes occur. 

Second, the lighting calculations are normally dictated by a single criterion that will fail 

first within the set of criteria that the IES has established for the lighting situation. This is 

often the vertical illuminance minimum value or is sometimes a uniformity value. Taking 

this into account, comparing a reduced LPA allowance of 90 percent of the Title 24, Part 

6 allowance shows that most of the lighting systems tested in the LPA calculations by 

the Statewide CASE Team meet or are below the Title 24, Part 6 LPA allowances by 

enough that they will still achieve the lower LPA values in CALGreen while also meeting 

the IES design criteria. 

There is a growing body of evidence that suggests that exposure to blue light at night 

can be detrimental to people and many other animals. One specific strategy for 

reducing exposure to blue light at night is to use warmer (lower) correlated color 

temperature (CCT) light sources. Different CCT requirements for Specific Applications is 

important because some can be considered higher traffic areas which would benefit 

from higher visual acuity.  

While limiting CCTs is a positive step towards addressing many issues related to health, 

light pollution, and consumer acceptance, the Statewide CASE Team recognizes it is 

not likely the best long-term solution. CCT is not a perfect indicator of melanopic content 

and does not address other inputs that may affect health, such as quantity of light and 

duration of exposure to light. The Statewide CASE Team made similar comments 

during the proposed updates to 2019 version of CALGreen and continues to agree that 

limiting CCT is likely still the best direction until a better metric is available. (Statewide 

CASE Team 2017f). 

6.1.1.4 Building Infiltration Testing 

Code Change Description 

This measure would add a prerequisite option for all multifamily buildings to either test 

whole building infiltration or include both compartmentalization and balanced ventilation 

(where only one is required prescriptively in Title 24, Part 6). 

Rationale 

The whole building infiltration test would provide much needed data on baseline 

infiltration rates for California multifamily buildings as little currently exists. It would be 

valuable to collect typical infiltration values to establish a baseline infiltration rate that 

could support future code changes. At the project level, energy benefits would be 

realized as teams pay closer attention to air sealing, which would reduce heating and 

cooling needs and improve indoor air quality via compartmentalization and balanced 

ventilation.  
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6.1.1.5 CPC Appendix M Pipe Sizing 

Code Change Description 

This measure would add sizing of domestic hot water pipers using California Plumbing 

Code (CPC) Appendix M to the list of prerequisite options for all multifamily buildings. 

Rationale 

Appendix M was added to the Universal Plumbing Code in 2018 and includes a 

performance-based pipe sizing procedure. CPC 2019 Appendix M was adopted 

verbatim from the 2018 UPC. CPC Appendix M and the IAPMO water demand 

calculator account for modern low-flow fixtures required in California code and use a 

large new dataset of flow diversity in real buildings to create a more accurate prediction 

of peak flow for pipe sizing. Appendix M calculations typically result in smaller pipe sizes 

than standard practice sizing, which results in lower first costs and distribution system 

heat loss. 

6.1.1.6 Induction Cooktop 

Code Change Description 

This measure would add a prerequisite option to use induction cooktops for all 

multifamily buildings. 

Rationale 

According to a recent study, induction stoves are over 85 percent efficient, compared to 

70 percent for resistance (ceramic or coil) and methane gas burners (Frontier Energy 

2019). Induction cooktops are safer and more efficient than other electric cooktop 

options. When a pot or pan is removed from an induction cooktop, the coil stops 

consuming energy. There is no flame or heat source to ignite a flammable object or 

cause burns (Frontier Energy 2019). The heat is used for the purpose of cooking and 

waste heat is significantly reduced. With proposed electrification of multifamily buildings 

under CALGreen, a prerequisite option for induction cooking will highlight that options 

exist within electric cooktops, send a signal to the market, and encourage smart 

selection, resulting in energy savings. 

6.1.2 Energy Savings 

6.1.2.1 CPC Appendix M Pipe Sizing 

Energy savings per dwelling unit for CPC Appendix M Pipe Sizing are presented in 

Table 27 through Table 32 for each prototype building. Per-dwelling unit savings for the 

first year are expected to range from 1.0 to 3.1 therms per year depending upon climate 

zone and multifamily building type. 

As shown in Table 27 and Table 29, prototypes with a greater number of pipes with 

large diameters have a higher percentage of surface area reduction. Table 27 and 
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Table 29 along with the energy savings results in Table 27 through Table 32 show that 

higher the surface area reduction leads to higher energy savings. 

Table 27: Plumbing Design Summary and Pipe Lengths Using CPC Appendix A 
Sizing (Hunters Curve) (ft) 

Pipe Diameter 
(inches) 

Low-Rise 
Garden  

Low-Rise 
Loaded Corridor 

Mid-Rise 
Mixed Use 

High-Rise 
Mixed Use 

4 0 0 53 9 

3 0 25 91 130 

2.5 0 90 73 165 

2 20 24 85 58 

1.5 58 153 829 782 

1 29 182 338 313 

0.75 150 404 744 953 

 

Table 28: Plumbing Design Summary, Pipe Lengths Using CPC Appendix M 
Sizing (IAPMO WDC) (ft), and Surface Area Reduction Compared to CPC 
Appendix A Sizing 

Pipe Diameter 
(inches) 

Low-Rise 
Garden  

Low-Rise 
Loaded Corridor 

Mid-Rise 
Mixed Use 

High-Rise 
Mixed Use 

4 0 0 0 0 

3 0 0 0 5 

2.5 0 0 121 129 

2 0 80 66 80 

1.5 52 107 244 148 

1 55 287 1,058 1,095 

0.75 150 404 724 953 

Percent 
Surface Area 
Reduction for 
Each Prototype 

9% 14% 19% 20% 
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Table 29: First-Year Energy Impacts Per Dwelling Unit ï Low-Rise Garden 

Climate 
Zone 

Electricity 
Savings  

(kWh/Dwelling 
Unit) 

Peak Electricity 
Demand 

Reductions 
(kW/Dwelling Unit) 

Natural Gas 
Savings 

(therms/Dwelling 
Unit) 

TDV Energy 
Savings (TDV 
kBtu/Dwelling 

Unit) 

1 0 0 1.2  406  

2 0 0 1.1  372  

3 0 0 1.1  374  

4 0 0 1.1  368  

5 0 0 1.2  391  

6 0 0 1.1  363  

7 0 0 1.1  355  

8 0 0 1.1  353  

9 0 0 1.1  356  

10 0 0 1.1  358  

11 0 0 1.1  366  

12 0 0 1.1  365  

13 0 0 1.1  363  

14 0 0 1.1  364  

15 0 0 1.0  335  

16 0 0 1.1  376  

 

Table 30: First-Year Energy Impacts Per Dwelling Unit ï Low-Rise Loaded Corridor 

Climate 
Zone 

Electricity 
Savings  

(kWh/Dwelling 
Unit) 

Peak Electricity 
Demand 

Reductions 
(kW/Dwelling Unit) 

Natural Gas 
Savings 

(therms/Dwelling 
Unit) 

TDV Energy 
Savings (TDV 
kBtu/Dwelling 

Unit) 

1 0 0 1.7  554  

2 0 0 1.5  507  

3 0 0 1.6  511  

4 0 0 1.5  502  

5 0 0 1.6  534  

6 0 0 1.5  495  

7 0 0 1.5  484  

8 0 0 1.5  482  

9 0 0 1.5  485  

10 0 0 1.5  489  

11 0 0 1.5  499  

12 0 0 1.5  498  

13 0 0 1.5  494  

14 0 0 1.5  497  

15 0 0 1.4  457  

16 0 0 1.6  513  
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Table 31: First-Year Energy Impacts Per Dwelling Unit ï Mid-Rise Mixed Use 

Climate 
Zone 

Electricity 
Savings  

(kWh/Dwelling 
Unit) 

Peak Electricity 
Demand 

Reductions 
(kW/Dwelling Unit) 

Natural Gas 
Savings 

(therms/Dwelling 
Unit) 

TDV Energy 
Savings (TDV 
kBtu/Dwelling 

Unit) 

1 0 0 2.8  681  

2 0 0 2.6  624  

3 0 0 2.6  628  

4 0 0 2.6  617  

5 0 0 2.7  656  

6 0 0 2.5  609  

7 0 0 2.5  596  

8 0 0 2.5  593  

9 0 0 2.5  598  

10 0 0 2.5  601  

11 0 0 2.5  613  

12 0 0 2.5  613  

13 0 0 2.5  608  

14 0 0 2.5  611  

15 0 0 2.3  562  

16 0 0 2.6  631  

Table 32: First-Year Energy Impacts Per Dwelling Unit ï High-Rise Mixed Use 

Climate 
Zone 

Electricity 
Savings  

(kWh/Dwelling 
Unit) 

Peak Electricity 
Demand Reductions 
(kW/Dwelling Unit) 

Natural Gas 
Savings 

(therms/Dwelling 
Unit) 

TDV Energy 
Savings (TDV 
kBtu/Dwelling 

Unit) 

1 0 0 3.1  751  

2 0 0 2.8  688  

3 0 0 2.9  693  

4 0 0 2.8  681  

5 0 0 3.0  724  

6 0 0 2.8  672  

7 0 0 2.7  657  

8 0 0 2.7  654  

9 0 0 2.7  660  

10 0 0 2.7  663  

11 0 0 2.8  676  

12 0 0 2.8  675  

13 0 0 2.8  670  

14 0 0 2.8  674  

15 0 0 2.6  620  

16 0 0 3.1  751  
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6.1.2.2 Outdoor Lighting Power Allowance 

Table 33 provides the average characteristics observed through the analysis of 

approximately 24 different properties to help characterize the multifamily prototypes.  

Table 33: Evaluated Site Characteristics by Prototype 

Prototype  
Floor  
Area 
(ft2)  

Unit 
Count 

Building  
Footprint 

Area 

(ft2)  

Site  
Area  
(ft2)  

Hardscape  
Area  

(ft2)  

Site  
Perimeter  

(ft)  

Hardscape  
Perimeter  

(ft)  

High-Rise  143,729  145  43,959  88,801  36,876  1,330  3,255  

Mid-Rise  179,832  161  77,048  185,011  74,109  1,742  6,718  

Low Rise - 
Garden  

46,150  45  38,584  153,578  66,136  1,608  5,546  

Low Rise - 
Corridor  

40,521  70  32,608  92,979  24,087  1,284  2,759  

 

Table 34 provides the estimated first-year per-unit energy savings expected by 

implementing the CALGreen prerequisite of reducing the outdoor LPA to 90 percent of 

the standard allowance in Title 24, Part 6. Savings do not differ by climate zone. 

Table 34: First-Year Energy Impacts Per Dwelling Unit ï Outdoor Lighting LPA 
Reduction (90 Percent of Standard LPA) 

Building Prototype  
Electricity 
Savings 
(kWh/yr)  

Peak Electricity 
Demand Reduction  

(kW)  

Natural Gas 
Savings  

(therm/yr)  

TDV Energy 
Savings  

(TDV kBtu/yr)  

Low Rise Garden  26 0.0075  NA  247  

Loaded Corridor  6.7 0.0019  NA  64  

Mid-Rise Mixed Use  8.1 0.0023  NA  77  

High Rise Mixed Use  4.5 0.0013  NA  43  

 

6.1.3 Cost Effectiveness 

6.1.3.1 CPC Appendix M Pipe Sizing 

Because Appendix M (proposed case) sometimes leads to smaller pipe sizes than 

Hunterôs curve (baseline case), this is a cost saving measure, with the proposed case 

having a lower cost than the baseline case for all prototype buildings. Table 35 shows 

the incremental cost savings when comparing proposed Appendix M sizing to the base 

case using Hunterôs curve. This measure results in both energy and incremental cost 

savings, therefore it is cost-effective. 
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Table 35: Total Incremental Cost for Appendix M Pipe Sizing by Prototype Building 

Prototype Materials Labor Total 

Low-Rise Garden ($1,172) ($2,052) ($3,224) 

Low-Rise Loaded Corridor ($2,478) ($690) ($3,168) 

Mid-Rise Mixed Use ($9,806) ($788) ($10,594) 

High-Rise Mixed Use ($10,091) ($1,056) ($11,147) 

 

6.1.3.2 Outdoor Lighting Power  

There are no incremental costs associated with reducing outdoor lighting power. The 

same LED technology is used for both the base and proposed case. Additionally, the 

proposed case uses less equipment per square foot to achieve the recommended light 

levels as compared to the base case. Fewer luminaires, light poles, foundations, control 

equipment, wiring, and conduit are required to meet the lower lighting levels throughout 

the general hardscape areas. The Statewide CASE Team uses a conservative $0.00 

incremental cost for this measure in the cost-effectiveness calculation. 

Table 36 provides the savings, cost, and B/C ratio of the proposed measure. 

Table 36: Cost Effectiveness of Multifamily Outdoor Lighting Power Reduction 

Prototype Units 

Benefits  

TDV Energy Cost 
Savings + Other 

Savingsa  

(2023 PV$)  

Costs  

Total Incremental 
Costs  

(2023 PV$)  

Benefit-to-
Cost 
Ratio  

2-Story Garden  Per Dwelling Unit $22.98  $ 0  Infinite  

3-Story Loaded Corridor Per Dwelling Unit $5.68  $ 0  Infinite  

5-Story Mixed Use  Per Dwelling Unit $6.82  $ 0  Infinite  

10-Story Mixed Use  Per Dwelling Unit $3.86  $ 0  Infinite  

a. Nonresidential 15-year 2023 PV savings 

 

6.2 Consultation with Utility Provider 

6.2.1 Code Change Description 

This measure would extend voluntary requirements for consultation with utility providers 

on solar photovoltaic (PV) system sizing to high-rise residential buildings. 

6.2.2 Rationale 

Proposed PV and battery storage requirements for 2022 Title 24, Part 6 necessitate 

extension of the low-rise CALGreen requirement for consultation with utility providers 

when sizing PV systems under CALGreen. Applying this measure universally across 
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multifamily buildings will allow for unification for CALGreen requirements for multifamily 

buildings and streamline compliance and enforcement for multifamily buildings. 

There are no energy savings associated with this measure. 

6.3 Tier 1 and Tier 2 Performance Standards & Prescriptive 
Requirements 

6.3.1 Code Change Description 

This measure would revise the Tier 1 and Tier 2 performance targets for multifamily 

buildings, using the 2019 CALGreen high-rise structure of percentage of energy budget, 

rather than the EDR targets used for low-rise multifamily buildings under 2019 CALGreen. 

The Statewide CASE Team proposes climate zone-specific performance thresholds 

relative to the 2022 Title 24, Part 6 energy budget, as summarized in Table 37.  

Table 37: Tier 1 and Tier 2 Multifamily Performance Targets by Climate Zone 

Climate 
Zone 

Tier 1  

Mixed-Fuel 

Tier 1  

All-Electric 

Tier 2 

 Mixed-Fuel 

Tier 2 

All-Electric 

1 N/A 95% N/A 93% 

2 N/A 95% N/A 93% 

3 N/A 95% N/A 93% 

4 N/A 95% N/A 93% 

5 N/A 95% N/A 93% 

6 N/A 96% N/A 94% 

7 N/A 96% N/A 94% 

8 N/A 96% N/A 94% 

9 N/A 95% N/A 93% 

10 N/A 95% N/A 93% 

11 N/A 96% N/A 94% 

12 N/A 95% N/A 93% 

13 N/A 96% N/A 94% 

14 N/A 96% N/A 94% 

15 N/A 97% N/A 96% 

16 N/A 95% N/A 93% 

 

6.3.2 Rationale 

The Statewide CASE Team suggests using percentage of energy budget as the 

performance metric for Tier 1 and Tier 2 because there are no EDR values for high-rise 

multifamily buildings currently. Using percent energy budget target for all multifamily 

buildings allows consistency with the consolidated structure of the 2022 Title 24 Part 6 

standards and across low-rise and high-rise building. The existing performance targets 

for Tier 1 and Tier 2 for multifamily high-rise buildings are technically feasible but 
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challenging to achieve cost effectively. The proposed performance targets represent a 

technically feasible and cost-effective approach that could more easily be adopted and 

justified by a local jurisdiction.  

Note that the 2022 multifamily compliance software is not yet available, nor have ACM 

rules been assigned for multifamily buildings. The Statewide CASE Team used the 

2022 research versions of CBECC-Res and CBECC-Com to estimate energy budgets 

and savings for low-rise and high-rise multifamily prototypes. Results may change with 

the transition to a 2022 multifamily software. 

6.3.3 Energy Savings 

The Statewide CASE Team developed energy budget performance targets based on 

packages of prerequisite options and other measures exceeding the proposed 2022 

Title 24, Part 6 prescriptive requirements for multifamily buildings. The Statewide CASE 

Team analyzed several packages to establish appropriate Tier 1 and Tier 2 energy 

budget targets.  

Package A: Domestic Hot Water (DHW) 

¶ CPC Appendix M pipe sizing 

¶ Drain water heat recovery 

Package B: DHW + Lighting Power Density (LPD) 

¶ Package A, plus 

¶ 90 percent indoor common use area lighting power density for all common use 

areas and nonresidential spaces, except stairwells and hallways. 

Package C: DHW + Envelope  

¶ Package A, plus 

¶ High performance walls with a 0.042 U-factor (0.048 for the 10-story prototype). 

¶ Advanced Windows with a 0.22 U-factor 

Note that package B was modeled only on CBECC-Com, and therefore only for the 5- 

and 10-story prototypes. Indoor lighting cannot be modeled in CBECC-Res. The 

Statewide CASE Team expects that the software used for multifamily buildings for 2022 

Title 24 compliance will include ability to model indoor lighting for common use area and 

nonresidential spaces for all multifamily buildings. 
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Table 38: TDV Percent Savings from 2022 Title 24, Part 6 Multifamily Measures ï 
2-Story Garden Prototype 

Climate Zone 

Package A 

DHW 

Package B 

DHW + LPD 

Package C 

DHW + Envelope  

1 7.2% N/A 14.3% 

2 8.0% N/A 12.4% 

3 10.6% N/A 14.3% 

4 8.5% N/A 11.7% 

5 11.0% N/A 15.5% 

6 10.1% N/A 11.2% 

7 11.0% N/A 10.4% 

8 7.9% N/A 8.0% 

9 7.7% N/A 9.0% 

10 6.9% N/A 9.1% 

11 5.5% N/A 9.2% 

12 6.9% N/A 10.7% 

13 5.6% N/A 9.0% 

14 5.7% N/A 10.5% 

15 3.8% N/A 6.1% 

16 6.0% N/A 12.6% 

Table 39: TDV Percent Savings from 2022 Title 24, Part 6 Multifamily Measures ï 
3-Story Loaded Corridor Prototype 

Climate Zone 

Package A 

DHW 

Package B 

DHW + LPD 

Package C 

DHW + Envelope  

1 5.8% N/A 10.3% 

2 6.3% N/A 9.0% 

3 8.3% N/A 10.4% 

4 6.7% N/A 8.1% 

5 9.1% N/A 11.3% 

6 7.8% N/A 7.3% 

7 8.4% N/A 7.1% 

8 6.7% N/A 6.4% 

9 6.8% N/A 7.3% 

10 5.8% N/A 7.1% 

11 4.3% N/A 6.6% 

12 5.1% N/A 7.1% 

13 4.3% N/A 6.4% 

14 4.9% N/A 7.9% 

15 3.1% N/A 4.3% 

16 5.2% N/A 9.7% 
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Table 40: TDV Percent Savings from 2022 Title 24, Part 6 Multifamily Measures ï 
5-Story Mixed Use Prototype 

Climate Zone 

Package A 

DHW 

Package B 

DHW + LPD 

Package C 

DHW + Envelope  

1 5.0% 6.5% 9.1% 

2 3.8% 5.5% 8.2% 

3 4.7% 6.6% 7.8% 

4 3.7% 5.5% 7.7% 

5 5.1% 7.2% 7.9% 

6 4.0% 6.1% 6.7% 

7 4.3% 6.6% 6.4% 

8 3.4% 5.4% 7.2% 

9 3.4% 5.4% 7.2% 

10 3.6% 5.4% 7.8% 

11 3.2% 4.7% 8.7% 

12 3.6% 5.2% 8.4% 

13 3.0% 4.5% 8.3% 

14 3.2% 4.9% 8.7% 

15 2.3% 3.9% 7.9% 

16 4.2% 5.4% 10.9% 

Table 41: TDV Percent Savings from 2022 Title 24, Part 6 Multifamily Measures ï 
10-Story Mixed Use Prototype 

Climate Zone 

Package A 

DHW 

Package B 

DHW + LPD 

Package C 

DHW + Envelope  

1 7.0% 8.0% 15.4% 

2 5.0% 6.0% 12.7% 

3 6.3% 7.5% 9.6% 

4 4.8% 5.9% 9.9% 

5 7.0% 8.2% 9.0% 

6 5.2% 6.5% 5.4% 

7 5.6% 7.0% 4.2% 

8 4.3% 5.5% 6.6% 

9 4.2% 5.3% 7.8% 

10 4.5% 5.6% 9.7% 

11 4.0% 4.9% 14.0% 

12 4.7% 5.6% 13.0% 

13 3.9% 4.7% 13.3% 

14 4.0% 4.9% 13.6% 

15 2.7% 3.6% 10.7% 

16 5.2% 5.8% 19.5% 
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Table 42: Tier 1 Packages by Climate Zone and Prototype 

Climate Zone 2-Story 3-Story 5-Story 10-Story 

1 DHW DHW DHW DHW 

2 DHW DHW DHW + LPD DHW + LPD 

3 DHW DHW DHW + LPD DHW 

4 DHW DHW DHW + LPD DHW + LPD 

5 DHW DHW DHW DHW 

6 DHW DHW DHW + LPD DHW 

7 DHW DHW DHW DHW 

8 DHW DHW DHW + LPD DHW 

9 DHW DHW DHW + LPD DHW + LPD 

10 DHW DHW DHW + LPD DHW + LPD 

11 DHW DHW DHW + LPD DHW 

12 DHW DHW DHW + LPD DHW + LPD 

13 DHW DHW DHW + LPD DHW + LPD 

14 DHW DHW DHW + LPD DHW + LPD 

15 DHW DHW DHW + LPD DHW + LPD 

16 DHW DHW DHW + LPD DHW 

 

Table 43: Tier 2 Packages by Climate Zone and Prototype 

Climate Zone 2-Story 3-Story 5-Story 10-Story 

1 DHW DHW + Envelope DHW + Envelope DHW 

2 DHW DHW + Envelope DHW + Envelope DHW + Envelope 

3 DHW DHW DHW + Envelope DHW + LPD 

4 DHW DHW + Envelope DHW + Envelope DHW + Envelope 

5 DHW DHW DHW + LPD DHW + LPD 

6 DHW DHW DHW + LPD DHW + LPD 

7 DHW DHW DHW + LPD DHW + LPD 

8 DHW DHW DHW + Envelope DHW + Envelope 

9 DHW DHW + Envelope DHW + Envelope DHW + Envelope 

10 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

11 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

12 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

13 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

14 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

15 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

16 DHW + Envelope DHW + Envelope DHW + Envelope DHW + Envelope 

 

 



 

Voluntary Energy Efficiency Requirements for Title 24, Part 11 (CALGreen) | 61 

Energy cost savings by tier, climate zone, and prototype are summarized in Table 44 

and Table 45. 

Table 44: Tier 1 TDV Energy Cost Savings by Climate Zone and Prototype 

Climate Zone 2-Story 3-Story 5-Story 10-Story 

1  $830   $814   $913   $793  

2  $773   $748   $1,187   $831  

3  $782   $741   $1,190   $694  

4  $761   $764   $1,161   $780  

5  $795   $800   $857   $715  

6  $706   $731   $1,149   $603  

7  $710   $704   $749   $608  

8  $675   $734   $1,132   $558  

9  $669   $749   $1,146   $716  

10  $720   $740   $1,196   $783  

11  $779   $731   $1,225   $695  

12  $792   $741   $1,243   $854  

13  $753   $730   $1,211   $829  

14  $742   $795   $1,227   $802  

15  $613   $618   $1,129   $678  

16  $952   $990   $1,363   $925  

Table 45: Tier 2 TDV Energy Savings by Climate Zone and Prototype 

Climate Zone 2-Story 3-Story 5-Story 10-Story 

1  $830   $1,415   $1,654   $793  

2  $773   $1,064   $1,787   $1,768  

3  $782   $741   $1,405   $825  

4  $761   $907   $1,631   $1,310  

5  $795   $800   $1,198   $846  

6  $706   $731   $1,149   $753  

7  $710   $704   $1,142   $753  

8  $675   $734   $1,509   $862  

9  $669   $797   $1,532   $1,042  

10  $941   $893   $1,719   $1,365  

11  $1,305   $1,125   $2,291   $2,414  

12  $1,219   $1,031   $2,025   $2,000  

13  $1,217   $1,082   $2,237   $2,335  

14  $1,348   $1,264   $2,189   $2,216  

15  $965   $847   $2,290   $2,023  

16  $1,992   $1,820   $2,759   $3,482  
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6.3.4 Cost Effectiveness 

6.3.4.1 Incremental Costs 

The Statewide CASE Team reviewed incremental measure costs from 2022 CASE 

Reports and combined costs for each measure package described in section 6.3.3 

Energy . Incremental costs are summarized by measure below. 

Table 46: Incremental Costs per Dwelling Unit by Measures and Prototype 

Measure 
2-Story 
Garden 
Style 

3-Story 
Loaded 
Corridor 

5-Story 
Mixed 
Use 

10-Story 
Mixed 
Use 

Source and Notes 

CPC Appendix 
M pipe sizing 

($403) ($88) ($120) ($95) 
2022 Multifamily Domestic Hot 
Water Case Report 

Drain water 
heat recovery 

$618 $666 $997 $985 
Draft 2022 Multifamily Domestic Hot 
Water Case Report, Drain Water Heat 
Recovery Appendix. 

Window U-
factor 

 $753   $740   $778   $1,190  
2022 Multifamily Restructuring CASE 
Report 

Wall-U-factor  $239   $134  $103  $32 
2022 Multifamily Restructuring 
CASE Report 

Lighting power 
density 

$0 $0 $0 $0  

 

CPC Appendix M pipe sizing 

Per Section 6.1.3.1, pipe sizing using Appendix M typically results in cost savings. Table 

47 summarizes expected cost savings. 

Table 47: Total Incremental Cost for Appendix M Pipe Sizing (Proposed) 

Prototype Materials Labor Total 

Low-Rise Garden ($1,172) ($2,052) ($3,224) 

Low-Rise Loaded Corridor ($2,478) ($690) ($3,168) 

Mid-Rise Mixed Use ($9,806) ($788) ($10,594) 

High-Rise Mixed Use ($10,091) ($1,056) ($11,147) 
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Drain water heat recovery 

The Drain Water Heat Recovery Appendix in the Draft 2022 Multifamily Domestic Hot 

Water CASE Report includes cost information for various configurations of each of the 

multifamily prototypes. Table 48 includes incremental first costs per prototype building 

for drain water heat recovery configured to direct water back to the shower fixture.  

Table 48: Incremental First Cost for DWHR by Prototype Building 

Equipment/Material  2-Story 
Garden Style ï 
DWHR shared 

by 2 DUs 

3-Story 
Loaded Corridor ï 
DWHR shared 

by 4 DUs 

5-Story 
Mixed-Use ï
DWHR shared 

by 4 DUs  

10-Story 
Mixed-Use ï
DWHR shared 
by 4.5 DUs  

Heat Recovery Device  $1,555  $6,220  $18,660  $20,215 

Floor Penetrations  $200  $1,600  $9,600  $11,700 

Piping Cost  $72  $579  $7,455  $28,473 

Meter Cost  $1,400  $9,100  $33,600  $40,950 

Access Panel  $600  $1,950  $3,600  $3,900 

Cold Water Pipe  $470  $1,410  $3,345  $6,690 

Overhead/markup  15%  15%  15%  15% 

Total  $4,942  $23,987  $87,698  $115,262 

 

High performance walls 

The cost of high performance walls is based on an increase in external continuous 

insulation at $0.37 per square foot in the 2-, 3-, and 5-story prototypes, and $0.14 per 

square foot in the 10-story prototype. 

Advanced windows 

Advanced window costs include the cost premium of a triple pane window, over double 

pane, at $7.35 per square foot of window area. 

Lighting power density 

There are no incremental costs associated with reducing lighting power. The same LED 

technology is used for both the base and proposed case. Additionally, the proposed 

case uses less equipment per square foot to achieve the recommended light levels as 

compared to the base case. Fewer luminaires, control equipment, wiring, and conduit 

are required to meet the lower lighting levels. The Statewide CASE Team uses a 

conservative $0.00 incremental cost for this measure in the cost-effectiveness 

calculation. 
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Cost-Effectiveness 

 

Table 49 and Table 50 summarize cost-effectiveness of Tier 1 and Tier 2 packages over 
30 years. 

Table 49: Cost Effectiveness of Multifamily Tier 1 by Climate Zone and Prototype 
(Benefit-to-Cost Ratios) 

Climate Zone 2-Story 3-Story 5-Story 10-Story 

1  3.86   1.41   1.04   0.89  

2  3.59   1.29   1.35   0.93  

3  3.64   1.28   1.36   0.78  

4  3.54   1.32   1.32   0.88  

5  3.70   1.38   0.98   0.80  

6  3.28   1.26   1.31   0.68  

7  3.30   1.22   0.85   0.68  

8  3.14   1.27   1.29   0.63  

9  3.11   1.30   1.31   0.80  

10  3.35   1.28   1.36   0.88  

11  3.63   1.27   1.40   0.78  

12  3.68   1.28   1.42   0.96  

13  3.50   1.26   1.38   0.93  

14  3.45   1.38   1.40   0.90  

15  2.85   1.07   1.29   0.76  

16  4.43   1.71   1.55   1.04  

Table 50: Cost Effectiveness of Multifamily Tier 2 by Climate Zone and Prototype 
(Benefit-to-Cost Ratios)  
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Climate Zone 2-Story 3-Story 5-Story 10-Story 

1  3.86   0.97   0.94   0.89  

2  3.59   0.73   1.02   0.84  

3  3.64   1.28   0.80   0.93  

4  3.54   0.62   0.93   0.62  

5  3.70   1.38   1.37   0.95  

6  3.28   1.26   1.31   0.85  

7  3.30   1.22   1.30   0.85  

8  3.14   1.27   0.86   0.41  

9  3.11   0.55   0.87   0.49  

10  0.78   0.61   0.98   0.65  

11  1.08   0.77   1.30   1.14  

12  1.01   0.71   1.15   0.95  

13  1.01   0.75   1.27   1.11  

14  1.12   0.87   1.25   1.05  

15  0.80   0.58   1.30   0.96  

16  1.65   1.25   1.57   1.65  

6.4 Compliance and Enforcement 

Multifamily projects will have to demonstrate compliance with two prerequisite options, 

instead of one as is currently required. Project teams will have to clearly note which 

options were chosen so that they can be confirmed by building inspectors. If project 

teams choose to verify the air infiltration rate of the building they will have to coordinate 

with a third party HERS Rater or ATT for verification. Since project teams also need to 

comply with a performance target that is more stringent that Title 24, Part 6, it will be 

important that the design and energy modeling stages of the project overlap so that 

there is an understanding of what adjustments need to be made in order to meet the 

performance targets. Building departments will need to confirm that the energy model 

complies with the relevant tier requirement and then confirm that those measures are 

implemented in the field. 
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7. Nonresidential Code Change Recommendations 

7.1 Prerequisite Requirement ï Electric Readiness 

7.1.1 Code Change Description 

The nonresidential electric readiness prerequisite will add electrical and space 

requirements at the time of construction to accommodate the future retrofit or 

replacement of fossil-fuel burning devices with electricity-powered devices. It would be 

applicable for Tier 1 and Tier 2 compliance, in a new Section under A5.203.1.1. Specific 

requirements include: 

1.  Physical space to accommodate electric water heating equipment in the future. 

2.  Installation of condensate drain lines. 

3.  Electrical system sizing and design to accommodate shifts to electric devices in 

the future. 

7.1.2 Rationale 

This measure is intended to make future natural gas to electric retrofits feasible and 

cost-effective. Electric ready measures include new conduit or installing larger 

conductors at the time of construction so that wall penetrations and demolition work is 

avoided or minimized when the original gas systems are converted to electric systems. 

In some cases, electric appliances require more room in the building than natural gas 

appliances and a source of outside air. Requiring enough space for the electric 

appliances during construction will prevent large-scale and expensive renovation to 

accommodate retrofit from natural gas to electric in the future.  

The measure requires documented space planning to show space available in the 

building to accommodate an electricity-powered device. In some circumstances it also 

requires installation of a condensate drain lines. It also requires that the electrical 

service to the location be either suitable to handle the future electricity-based equipment 

load, or that an accommodation for increased conduit size or an earmarked conduit be 

installed to provide easy access to the space for a future upgraded electrical service, 

depending on the circumstances. 

The proposed requirements are based on calculations using specifications of equipment 

that is equivalent other than the primary fuel source being natural gas versus electricity. 

The proposed requirements are intended to guide the industry when the engineering 

resources are not available to perform electric-readiness analyses. Because these 

requirements govern conduit and panel sizes, which are relatively inexpensive to 

oversize in anticipation of future loads and will not become obsolete, the engineering 

calculations tend to oversize electrical capacity estimates to account for the wider range 

of equipment than has been analyzed.  
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Dozens of cities in California have adopted ordinances encouraging or requiring 

electrification.9 The City of Seattle has adopted a code that requires large commercial to 

use heat pump space heating technology, including alterations.10 

A few nuances to the approach are below: 

¶ The Statewide CASE Team has not proposed electric ready measures for 

buildings that use packaged rooftop systems, which commonly use direct 

expansion air conditioning equipment. This is avoided because in the majority of 

nonresidential buildings the design cooling output of the packaged system will be 

equal to or larger than the design heating output, and the existing electrical 

infrastructure for the air conditioning equipment will accommodate the future heat 

pump conversion. The Statewide CASE Team confirmed that cooling loads are 

approximately equal to or higher than heating loads and for a variety of analyzed 

buildings, including offices, restaurants, retail, warehouses, and hotels.  

¶ Conversely, where there is no cooling system installed, the Statewide CASE 

Team proposed that heating only systems be sized to be electric-ready. Cost 

effectiveness analysis has not yet been performed for this prototype, but the 

electric ready cost savings are anticipated to be similar to the cost savings in 

other prototypes. The Statewide CASE Team proposed to exempt heating-only 

ceiling hung heaters (e.g., infrared heaters) typically found in store fronts and 

warehouses as extensive demolition is not required to convert these to electric. 

Another proposed exemption is for heating-only systems with capacities larger 

than 300,000 Btu/h, because packaged air-to-air heat pumps are typically 

unavailable in these sizes. 

¶ The Statewide CASE Team proposed an exemption for clothes drying appliances 

larger than 22,000 Btu/h, as heat pump technology is not currently available at 

these capacities. Research yielded that industrial-scale gas dryers may need to 

be replaced by multiple electric resistance clothes dryers, which may impact 

physical space needs or staff operational schedules. 

7.1.3 Energy Savings  

This measure does not result in energy savings, only retrofit cost savings. 

7.1.4 Cost Effectiveness 

Cost effectiveness for this measure is calculated by showing avoided cost of future 

retrofit. The Statewide CASE Team evaluated electric ready measures and incremental 

costs for space heating, service water heating (SHW), cooking, and clothes drying in 

 
9 https://www.buildingdecarb.org/active-code-efforts.html  

10 http://seattle.legistar.com/View.ashx?M=F&ID=9085266&GUID=545EA5F5-8C47-4A56-80FF-

7846BA07EFCF  

https://www.buildingdecarb.org/active-code-efforts.html
http://seattle.legistar.com/View.ashx?M=F&ID=9085266&GUID=545EA5F5-8C47-4A56-80FF-7846BA07EFCF
http://seattle.legistar.com/View.ashx?M=F&ID=9085266&GUID=545EA5F5-8C47-4A56-80FF-7846BA07EFCF
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this analysis. Specifically, the Statewide CASE Team evaluated the following system 

types across different building types:  

1. 53,000 ft2 Medium Office  

a. HVAC: VAV reheat system - central hydronic gas boiler to heat pump 

boiler  

b. SHW: Gas water storage heater to heat pump water storage heater 

2. 5,000 ft2 Full-service restaurant and 2,500 ft2 quick service restaurant SHW:  

a. Gas central water to heat pump water heater 

b. Gas cooking appliances to electric cooking appliances 

3. 25,000 ft2 Standalone Retail and 50,000 ft2 Warehouse DHW: Gas instantaneous 

to electric instantaneous water heaters 

4. 40,000 ft2 Small Hotel:  

a. Gas clothes dryers to heat pump clothes dryers 

b. Service water heating serving clothes washers 

c. Central domestic water heating with recirculation loop serving guest rooms 

Table 51 provides the present value cost savings estimates for scenarios employing the 

electric ready measure for the applicable building types and circumstances. Costs 

compare the current implementation to the present value of future work needed.  

While the electric-ready measure includes physical space and condensate drain line 

requirements, determining the current design costs and future costs of retrofit for these 

measures is highly dependent on floorplan layout and structural design, and has not 

been performed. While these costs are excluded, the Statewide CASE Team found that 

engineers experienced with retrofitting existing buildings with central heat pump water 

heaters have the most challenges accommodating physical space and ductwork 

requirements for heat pump water heating equipment, storage, and heat exchange air. 

These considerations also tend to be the costliest.  

Electrical system costs are included; the costs of other electrical changes that would be 

required now and would also be required at the time of the retrofit are not included as 

they are expected to be comparable. For example, if a larger building service were 

required to accommodate the new electric hardware and this same upgrade would likely 

happen in both the Electric Ready and non-Electric Ready situations, then it is not being 

priced in the exercise. Further detail is included in Appendix B.



 

Voluntary Energy Efficiency Requirements for Title 24, Part 11 (CALGreen) | 69 

Table 51: Present Value Savings of Electric-Ready Buildings Measure in Various Scenarios 

Scenario Electric Ready Conversion  

Incremental 
Construction Cost 

for Electric 
Ready Measure  

Present Value of 
Avoided Future 
Electrification 
Retrofit Costs  

Present Value 
of Electric Ready 

Cost Savings 

Medium Office ï  
Central Hydronic Gas Space 
Heating 

Office #1; Gas boiler (745,000 Btu/hr) for VAV 
reheat converted to heat pump boiler  

$5,610  $7,558  $1,944  

Office #2; Gas boiler (500,000 Btu/hr) for VAV 
reheat converted to heat pump boiler  

$3,819  $7,558  $3,739  

Medium Office ï  
Gas Storage Water Heating 

Office #1; Gas water heater (76,000 
Btu/hr) converted to heat pump  

$2,381  $4,360  $1,980  

Office #2; Gas water heater (150,000 
Btu/hr) converted to heat pump  

$3,107  $5,450  $2,344  

Full-Service Restaurant ï  
Central Gas Water Heating 

Gas central water heater (800,000 Btu/hr) with 
recirculation loop converted to heat pump  

$5,610  $7,558  $1,944  

Full-Service Restaurant - 
Cooking 

2 gas ranges with oven, fryer, and broiler 
converted to electric  

$9,498 $14,071 $4,574 

Quick-Service Restaurant ï 
Gas Water Heating 

Gas central water heater (150,000 Btu/hr) with 
recirculation loop converted to heat pump 

$3,819  $7,558  $3,739  

Quick-Service Restaurant ï
Cooking 

Gas range with oven and fryer converted to 
electric 

$1,416 $3,687 $2,271 

Standalone Retail ï  
Gas Water Heating 

Gas instantaneous water heater (1.3 gpm) 
converted to electric tankless water heater  

$2,874  $11,077  $8,203  

Warehouse ï  
Gas Water Heating 

Gas instantaneous water heater (1.3 gpm) 
converted to electric tankless water heater  

$3,573  $12,828  $9,255  

Small Hotel ï  
On-Premise Laundry (Clothes 
Drying) 

Gas dryer (425,000 btu/hr) converted to heat 
pump dryer  $4,144 $10,904 $6,760 

Small Hotel ï  
On-Premise Laundry (Clothes 
Washing) 

Gas water heater (181,930 btu/hr) converted to 
heat pump water heater $2,381 $4,360 $1,980 

Small Hotel ï  
Domestic Water Heating 

Gas central water heater (181,930 btu/hr) with 
recirculation loop converted to heat pump water 
heater  

$5,615 $8,758 $3,144 
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7.2 Exhaust Air Heat Recovery Prerequisite Option 

7.2.1 Code Change Description 

Requirements for exhaust air heat recovery will likely be included as a prescriptive 

requirement in 2022 Title 24, Part 6. If adopted into Title 24, Part 6, the corresponding 

prerequisite option should be removed from CALGreen. The prerequisite option that is 

available for 2019 CALGreen would no longer be available for the 2022 cycle. 

7.2.2 Rationale 

The existing exhaust air heat recovery prerequisite option in CALGreen requires heat 

to be recovered from exhaust air to precondition incoming outdoor air for situations 

that have been shown to be cost effective, based on building hours, fan size, and 

climate zone.  

7.2.3 Energy Savings and Cost-Effectiveness 

An energy savings and cost-effectiveness analysis is not required to remove a 

prerequisite option from CALGreen. The 2022 Title 24, Part 6 HVAC controls CASE 

Report presents energy savings and cost-effectiveness of a proposal to add to Title 

24, Part 6.11 

7.3 Outdoor Lighting Prerequisite Option 

7.3.1 Code Change Description 

The measure would add a color temperature requirement for Specific Applications 

(Table 140.7-B in Title 24, Part 6) for outdoor lighting. Currently, Specific Applications 

are exempt from 3000K color temperature requirement in CALgreen. This measure 

would add a maximum 4000K color temperature requirement and remove the previous 

exemption. 

7.3.2 Rationale 

There is a growing body of evidence that suggests exposure to blue light at night can 

be detrimental to both humans and animals. One step to minimizing unnecessary blue 

light at night is installing lighting controls to dim or turn off the lights when the area is 

not in use. Utilizing lighting controls saves energy and reduces the total amount of light 

at night which helps reduce over lighting in spaces not actively being used. Minimizing 

over lighting helps protect local flora, fauna, and humans. Another specific strategy for 

reducing exposure to blue light at night is to use lower (warmer) correlated color 

 
11 https://title24stakeholders.com/measures/cycle-2022/hvac-controls/.  

https://title24stakeholders.com/measures/cycle-2022/hvac-controls/
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temperature (CCT) light sources, and different CCT requirements for Specific 

Applications are important to allow a broader spectrum of light for improved visual 

acuity at building entrances and exits and where it may be desirable to align the 

exterior lighting with the interior lighting CCT.  

Limiting CCTs is a positive step towards addressing many issues related to health, 

light pollution, and consumer acceptance, yet the Statewide CASE Team recognizes 

that it is not a perfect solution and is likely best utilized only as a short term solution. 

CCT is not always the best indicator of melanopic content and does not address other 

inputs that may affect health, such as quantity of light and duration of exposure to light. 

The Statewide CASE Team made similar comments during the proposed updates to 

2019 version of CALGreen and continues to agree with them. Better metrics are under 

development but limiting CCTs is still the best short term solution at this time. 

(Statewide CASE Team 2017f) The Statewide CASE Team has chosen 4000K for 

Specific Applications instead of 3000K due to some evidence showing 4000K having 

an improved visual acuity over lower CCTs, which is important for the spaces covered 

by the Specific Applications LPAs. (Northwest Energy Efficiency Alliance 2014) The 

4000K limit ultimately allows the higher visual acuity while still reducing exposure to 

blue light at night. 

7.3.3 Energy Savings and Cost-Effectiveness 

The Statewide CASE Team anticipates minimal to no energy savings or cost impacts 

from this measure. As noted in the 2022 Nonresidential Outdoor Sources Final CASE 

Report, the Specific Applications LPAs were updated in the 2019 Title 24, Part 6 code 

cycle but not in the current 2022 Title 24, Part 6 code cycle. Additionally, the 2019 

Specific Applications LPAs were developed specifically with 3000K LEDs which are 

less efficacious than higher CCT LEDs. Therefore, there are no expected issues with 

meeting the proposed 4000K maximum. Additional information can be found in section 

2.2.2 of the 2022 Nonresidential Outdoor Sources Final CASE Report (Statewide 

CASE Team 2020b). 

7.4 Automatic Daylighting Controls Wattage Thresholds Prerequisite 
Option 

7.4.1 Code Change Description 

The measure would adjust the wattage thresholds that apply to both the primary and 

secondary sidelit daylit zones. The change would modify Exception 3 to Section 

130.1(d) and Exception 1 to Section 140.6(d), substituting 75W where 120W appears, 

and 150W where 240W is now indicated. This revision reflects the appropriate 

threshold wattage now based on greater savings from daylighting controls. 
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7.4.2 Rationale 

Title 24, Part 6 includes a mandatory requirement that the general lighting in skylit daylit 

zones, primary sidelit daylit zones, and secondary sidelit zones must have automatic 

daylighting controls unless there is less than 120 watts of general lighting installed in 

these daylit zones [Section 130.1(d) and Section 140.6(d)].12 This 120-watt threshold has 

remained unchanged for multiple code cycles while lighting efficacy (lumens per watt) 

has significantly increased since the threshold was established. As the lighting power 

densities (LPDs) for indoor spaces continued to be reduced but the 120-watt threshold 

remained unchanged, fewer spaces were subject to the automatic daylighting controls 

requirement. These thresholds were developed with the assumption that under full 

daylight conditions, the lighting power is reduced to 35 percent of full power. The lighting 

to ten percent of full power, the minimum required control step for LED lighting in 

accordance with existing mandatory multi-level lighting control requirements in Table 

130.1-A. Thus, daylighting controls would save more energy (larger full load hours per 

year savings) under the 2022 code than they do when the current threshold was 

proposed in 2013.  

7.4.3 Energy Savings 

Energy cost savings for an average office with 150 watts of lighting in the combined 

primary and secondary sidelit zone that are realized over the 15-year period of 

analysis are presented in 2023 present value dollars in Table 52. 

Any instances of negative values are denoted in red with ( ) in the tables below. 
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Table 52: First-Year Energy Impacts and 2023 PV TDV Energy Cost Savings Over 
15-Year Period of Analysis ï Per 150 Watt Zone ï New 
Construction/Additions/Alterations ï Office Large 

Climate 
Zone  

Electricity 
Savings 

(kWh/150-watt 
Zone) 

Natural Gas 
Savings 

(therm/150- watt 
Zone) 

TDV Energy 
Savings (TDV 

kBtu/150-watt Zone) 

15-Year TDV Energy 
Cost Savings (2023 
PV$/150-watt Zone) 

1 175 -1.3 3,081 $274 

2 194 -0.5 4,494 $400 

3 191 0.0 4,122 $367 

4 199 0.0 4,747 $422 

5 196 -0.2 3,849 $343 

6 196 -0.5 4,352 $387 

7 191 0.4 4,043 $360 

8 206 0.3 5,276 $470 

9 205 0.3 5,363 $477 

10 233 0.3 6,081 $541 

11 197 -0.3 4,501 $401 

12 197 -0.3 4,554 $405 

13 203 -0.2 4,787 $426 

14 205 -0.2 5,261 $468 

15 213 0.4 5,208 $464 

16 190 -0.9 3,571 $318 

 

7.4.4 Cost-Effectiveness 

7.4.4.1 Incremental Cost 

The incremental cost of adding daylighting controls to a 150-watt zone is presented 
in Table 53 as are assumptions used in the cost estimates. As discussed, the 
incremental cost is adding a photosensor to an existing wireless daylighting control 
system with local controls (not networked). The incremental maintenance cost is 
limited to replacing the battery of the added photosensor during years 6 and 12 during 
the 15-year period of analysis. It was assumed that the photosensor would not need to 
be replaced during the 15-year period of analysis.7  
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Table 53: Total Incremental PV Costs Per Square Foot ï New Construction/ 
Additions and Alterations ï OfficeLarge 

ID Factor  Value  Notes  

A 
Total Incremental First Cost (2023 
PV$ per additional photosensor)  

$290.51  B + C  

B 
Equipment (Photosensor cost 
($/unit))  

$142.50  

Cost collected from outreach described in Section 
4.3.1; only includes data points from photosensors 
that can be used to collect information for both a 
primary and secondary zone.  

C Labor (2023 PV$)  $148.01  
C x D  
Installation and Commissioning Cost  

D 
Installation and commissioning 
time per zone (hours)  

1.25  

Assumed ï includes time to install photosensor, 
connect to control system, and commission each 
photosensor for one primary zone and one 
secondary zone.  

E Labor rate ($/hr)  $118.41  
See Table 20 in the Indoor Lighting CASE 

Report (California Utilities Statewide Codes and 
Standards Team 2020)  

F 
Total Incremental Maintenance 
Cost (2023 PV$ per photosensor)  

$8.20  
Calculated using 3% discount rate and battery 
replacements happening in year 6 and 12  

G 
Battery replacement ($ Nominal 
per photosensor per replacement)  

$5.33  H + J  

H 
Battery (nominal $ per 
photosensor)  

0.54  
Two AA batteries; bulk pricing assumes 
$0.27/battery  

I 
Labor hours per photosensor 
(hours)  

0.08  five minutes per photosensor  

J Labor cost ($)  $9.87  I x E  

K 
Photosensor battery lifetime 
(years)  

6  Per photosensor specifications.  

L 
Total Incremental Cost Over 15-
year Period of Analysis (2023 
PV$ per photosensor)  

$299  A + F  

 

7.4.4.2 Cost Benefit by Climate Zone 

The B/C ratio is calculated by dividing the cost benefits realized over 15 years by the 

total incremental costs, which includes maintenance costs over 15 years. The B/C 

ratio was calculated using 2023 PV costs and cost savings. Results are presented in 

Table 54. The revision would result in cost savings over the 15-year analysis period 

relative to the existing conditions in 15 of 16 climate zones. As mentioned previously, 

the energy simulations assumed lighting power would be reduced to 20 percent. If the 

Energy Commission accepts the Statewide CASE Teamôs proposal for the 2022 cycle 

that lighting power be reduced to ten percent, we expect the B/C ratio to be over 1 for 

all 16 climate zones.  

https://title24stakeholders.com/wp-content/uploads/2020/09/2022-T24-Indoor-Lighting_Final-CASE-Report_Statewid-CASE-Team.pdf
https://title24stakeholders.com/wp-content/uploads/2020/09/2022-T24-Indoor-Lighting_Final-CASE-Report_Statewid-CASE-Team.pdf
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Table 54: 15-Year Cost-Effectiveness Summary Per 150-Watt Zone ï New 
Construction/Additions and Alterations - OfficeLarge 

Climate 
Zone 

Benefits  
TDV Energy Cost Savings + 
Other PV Savings per ft2  
(2023 PV$/150-watt Zone) a  

Costs  
Total Incremental PV Costs 

per ft2  
(2023 PV$ / 150-watt Zone) b  

Benefit-to-Cost 
Ratio  

1 $274  $299  0.9  

2 $400  $299  1.3  

3 $367  $299  1.2  

4 $422  $299  1.4  

5 $343  $299  1.1  

6 $387  $299  1.3  

7 $360  $299  1.2  

8 $470  $299  1.6  

9 $477  $299  1.6  

10 $541  $299  1.8  

11 $401  $299  1.3  

12 $405  $299  1.4  

13 $426  $299  1.4  

14 $468  $299  1.6  

15 $464  $299  1.6  

16 $318  $299  1.1  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis. Other savings are discounted at a real (nominal ï inflation) 

three percent rate. Other PV savings include incremental first-cost savings if proposed first cost is 

less than current first cost. Includes PV maintenance cost savings if PV of proposed maintenance 

costs is less than PV of current maintenance costs.  

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate. Costs include incremental first cost if proposed first cost is 

greater than current first cost. Costs include PV of maintenance incremental cost if PV of 

proposed maintenance costs is greater than PV of current maintenance costs. If incremental 

maintenance cost is negative, it is treated as a positive benefit. If there are no Total Incremental 

PV Costs, the Benefit-to-Cost ratio is infinite.  

 

7.5 Air Barrier Verification Prerequisite Option 

7.5.1 Code Change Description 

This measure would add a prerequisite option to require building air leakage be tested 

to confirm the air barrier is effective at limiting leakage to 0.25 cubic cfm/ft2 when 

pressurized to 75 Pascals (Pa).  
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7.5.2 Rationale 

2022 Title 24, Part 6 was updated to required buildings perform a field verification to 

confirm that the air leakage is below 0.40 cfm/ft2 when pressurized to 75 Pascals (Pa). 

Consistent with Section C406 Additional Efficiency Package Options of the 2018 IECC 

(International Code Council 2017), the Statewide CASE Team is proposing a 

prescriptive option to verify that the measured air-leakage rate of the building does not 

exceed 0.25 cubic cfm/ft2 when pressurized to 75 Pascals (Pa). Stakeholders have 

provided feedback that in the State of Washington where project teams are required to 

verify the building air-leakage rate already it is attractive to be able to receive credit for 

a lower rate. Achieving a lower rate does not require changes in construction 

practices, rather an attention to detail and strong coordination between building trades.  

7.5.3 Energy Savings 

Energy savings from this measure were also included as part of the performance tier 

modeling in Section 7.10. 

7.5.4 Cost-Effectiveness 

This measure does not have an incremental cost and so cost-effectiveness 

calculations are not needed. 

7.6 Computer Room Efficiency Power Usage Effectiveness 
Monitoring Prerequisite Option 

7.6.1 Code Change Description 

This measure proposes adding mandatory power usage effectiveness (PUE) 

monitoring requirements for large computer rooms. This would apply to computer 

rooms where the information technology equipment (ITE) design load is over 2,000 kW 

and makes up 80 percent of the buildingôs overall cooling use. 

7.6.2 Rationale 

PUE is a common metric to evaluate energy efficiency for data centers. Measuring 

PUE provides data center operators feedback on how efficiently their computer room 

is performing and indicates its energy savings potential. Measuring PUE over time can 

also indicate reduced data center efficiency that occurs over time. The goal of making 

PUE monitoring mandatory is to give data center operators information they can act on 

to maintain high energy performance in the data center after construction. See the 
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computer room efficiency CASE Report from the 2022 code cycle for additional 

background information.13  

7.6.3 Energy Savings 

The per-unit energy savings do not account for naturally occurring market adoption or 

compliance rates. Table 55 shows the first year per-unit energy savings and demand 

reduction ranges, which vary by climate zone and system type. There is a positive net 

energy savings in all climate zones. 

Because this submeasure reduces mechanical system energy, which varies by climate 

zone, the energy savings vary with climate zone. The hotter the climate zone, the 

more energy savings this measure provides by resulting in a more efficient mechanical 

cooling and fan system.This submeasure would not have a significant impact on 

DR/flexibility, peak power demand, or load shifting.  

Table 55: First-Year Energy Impacts Per IT Equipment Load kW ï Chilled Water 
CRAH Case, PUE Monitoring Submeasure 

Climate 
Zone 

Electricity 
Savings 
(kWh/yr) 

Peak Electricity 
Demand Reduction 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 8 0.0 0 215 

2 9 0.0 0 254 

3 9 0.0 0 251 

4 9 0.0 0 251 

5 9 0.0 0 239 

6 11 0.0 0 301 

7 10 0.0 0 297 

8 11 0.0 0 305 

9 10 0.0 0 294 

10 11 0.0 0 300 

11 10 0.0 0 294 

12 10 0.0 0 277 

13 11 0.0 0 303 

14 10 0.0 0 294 

15 12 0.0 0 345 

16 9 0.0 0 255 

TOTAL 158 0.1 0 4,475 

 

 
13 https://title24stakeholders.com/measures/cycle-2022/data-center-efficiency/.  

https://title24stakeholders.com/measures/cycle-2022/data-center-efficiency/
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7.6.4 Cost-Effectiveness 

The Statewide CASE Team used the work completed in the 2022 Nonresidential 

Reduced Infiltration CASE Report to determine the cost effectiveness of PUE 

monitoring. This measure is cost effective in all climate zones. 

Table 56: Incremental First Cost Assumptions: PUE Monitoring Measure 

Cost Item 
Incremental First 
Cost ($ per ITE 
design load kW) 

Cost Source 

Electric submeter 
for whole building 
load 

$6.52 Average cost of 9 power meter products. 

Installation Labor  $4.30 
Estimate based on data from electrical and controls 
contractors  

Controls $0 N/A 

Commissioning $0.56 
Estimate based on input from commissioning 
agents 

In-house 
maintenance 

$7.50 
Estimate of $100,000/yr salary, does not include 
taxes and benefits 

Total $18.88  
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Table 57: 15-Year Cost-Effectiveness Summary Per IT Equipment Load kW ï 
New Construction and Additions/Alterations, PUE Monitoring Measure, Case 1: 
CHW CRAH 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $19 $19 1.0 

2 $23 $19 1.2 

3 $22 $19 1.2 

4 $22 $19 1.2 

5 $21 $19 1.1 

6 $27 $19 1.4 

7 $26 $19 1.4 

8 $27 $19 1.4 

9 $26 $19 1.4 

10 $27 $19 1.4 

11 $26 $19 1.4 

12 $25 $19 1.3 

13 $27 $19 1.4 

14 $26 $19 1.4 

15 $31 $19 1.6 

16 $23 $19 1.2 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2020). Other savings are 

discounted at a real (nominal ï inflation) three percent rate. Other PV savings include incremental 

first-cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost 

savings if PV of proposed maintenance costs is less than PV of current maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV 

of current maintenance costs. If incremental maintenance cost is negative, it is treated as a 

positive benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  

 

7.6.5 Compliance and Enforcement 

¶ Design Phase: Electrical design engineers determine if the computer room ITE 

design load triggers the requirement for PUE monitoring. The ITE design load is 

typically calculated by the mechanical engineer, but the electrical engineer 

needs to know this information for sizing the electrical system. The electrical 

design engineer includes a PUE utilization monitoring system that meets code 

requirements in the electrical permit drawings and specifications. The projectôs 
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building automation system can be used to monitor and trend PUE, and 

therefore this system may be included in the mechanical or controls 

specifications. The electrical design engineer completes NRCC forms with the 

permit package.  

¶ Permit Application Phase: The plans examiner reviews electrical permit 

drawings and specifications to confirm if PUE monitoring is required and, if so, 

that it is shown on the permit documents.  

¶ Construction Phase: The electrical contractor reviews electrical design 

documents to confirm PUE monitoring requirements, and then selects and 

installs a PUE monitoring system that meets the design specification. The 

controls contractor assists with integration of the electric submeters and 

dashboard.  

¶ Inspection Phase: The electrical contractor completes NRCI and NRCA forms 

7.7 Computer Room Heat Recovery Prerequisite Option 

7.7.1 Code Change Description 

This measure would add a prescriptive option for computer rooms in new buildings to 

include heat recovery systems. Computer room heat recovery is being defined as a 

mechanical system that transfers heat from computer rooms to other zones in the 

building that require heating. This would apply to buildings with large cooling ITE and 

heating design loads, depending on climate zone, and at least 1,400 hours of annual 

heating load.  

7.7.2 Rationale 

Computer rooms produce constant heat 24 hours a day, seven days a week. When a 

computer room is located in a facility that also requires heating, heat recovered from 

the computer room can provide heating while reducing the cooling load on the 

computer room cooling system. While not yet industry standard practice, computer 

room heat recovery provides significant heating savings opportunities for buildings 

where computer rooms are collocated with spaces with significant heating loads. See 

the computer room efficiency CASE Report from the 2022 code cycle for additional 

background information.14 

 
14 https://title24stakeholders.com/measures/cycle-2022/data-center-efficiency/.  

https://title24stakeholders.com/measures/cycle-2022/data-center-efficiency/
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7.7.3 Energy Savings 

Table 58 shows the first year per-unit energy savings and demand reduction ranges, 

which vary by climate zone and system type. There is a positive net energy savings in 

all climate zones. 

Computer room heat recovery provides the most energy savings in colder climates 

that have more heating load such as offices and schools. Milder climates zones (6 

through 10, and 15) show less energy savings than colder climate zones (1 through 5, 

11 through 14, and 16). Electricity savings are negative because the analysis uses an 

electric heat recovery chiller in the proposed case compared to all heating being done 

with natural gas boilers in the baseline case. 

This submeasure would not have a significant impact on load flexibility, peak power 

demand, or load shifting in buildings that use natural gas heating sources, which is the 

Standard Design system used in this analysis. For buildings that use electric heating 

sources, which are expected to increase in number, this submeasure will have electric 

energy and peak demand savings. 

Table 58: First-Year Energy Impacts Per IT Equipment Load kW ï Heat Recovery 
Submeasure 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reduction 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (224) 0.0 51 5,031 

2 (139) 0.0 32 4,175 

3 (139) 0.0 32 4,175 

4 (124) 0.0 28 3,464 

5 (124) 0.0 28 3,464 

6 (165) 0.0 39 5,034 

7 (165) 0.0 39 5,034 

8 (165) 0.0 39 5,034 

9 (165) 0.0 39 5,034 

10 (165) 0.0 39 5,034 

11 (133) 0.0 30 3,823 

12 (133) 0.0 30 3,823 

13 (133) 0.0 30 3,823 

14 (124) 0.0 28 3,464 

15 (165) 0.0 39 5,034 

16 (224) 0.0 51 5,031 

TOTAL (2,490) 0.0 571 70,475 
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7.7.4 Cost-Effectiveness 

The Statewide CASE Team used the work completed in the 2022 Nonresidential 

Computer Room Efficiency CASE Report to determine the cost effectiveness of 

computer room heat recovery. Results of the per-unit cost-effectiveness analyses are 

presented in Table 59 for new construction. This submeasure does not apply to 

alterations. The proposed Measure saves money over the 15-year period of analysis 

relative to existing requirements. The proposed change is cost effective in every 

climate zone. The results apply only to new construction. 

Table 59: 15-Year Cost-Effectiveness Summary Per IT Equipment Load kW ï 
New Construction, Computer Room Heat Recovery Measure 

Climate 
Zone 

Benefits - TDV Energy Cost 
Savings + Other PV Savingsa 

(2023 PV$) 

Costs - Total Incremental 
PV Costsb ( 
2023 PV$) 

Benefit-to-
Cost Ratio 

1 $448 $296 1.5 

2 $372 $296 1.3 

3 $372 $296 1.3 

4 $308 $296 1.0 

5 $308 $296 1.0 

6 $448 $424 1.1 

7 $448 $424 1.1 

8 $448 $424 1.1 

9 $448 $424 1.1 

10 $448 $424 1.1 

11 $340 $296 1.1 

12 $340 $296 1.1 

13 $340 $296 1.1 

14 $308 $296 1.0 

15 $448 $296 1.1 

16 $448 $296 1.5 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2020). Other savings are 

discounted at a real (nominal ï inflation) three percent rate. Other PV savings include incremental 

first-cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost 

savings if PV of proposed maintenance costs is less than PV of current maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV 

of current maintenance costs. If incremental maintenance cost is negative, it is treated as a 

positive benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  
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7.7.5 Compliance and Enforcement 

¶ Design Phase: Mechanical design engineers determine if the computer room 

ITE design load along with the building design heating load trigger the heat 

recovery requirement. The mechanical design engineer performs these load 

calculations as current standard practice. If the heat recovery requirement is 

triggered, mechanical design engineers must include the heat recovery system 

on the mechanical permit plans and show the system efficiency (coefficient of 

performance) on the mechanical schedules. To provide sufficient information for 

the permit plans examiner to verify the coefficient of performance, the permit 

plans must show the computer room heat recovery systemôs total input power 

and amount of heat transferred at design conditions. Mechanical design 

engineers complete NRCC forms with the permit package.  

¶ Permit Application Phase: The mechanical design engineer documents the 

computer room design cooling loads, building total and zone heating loads, and 

heat recovery system power at design conditions, which are used to calculate 

heat recovery system COP. This information is developed as part of the design 

process and is not a new requirement. The plans examiner reviews mechanical 

permit drawings and specifications to confirm if heat recovery is required and, if 

so, that it is shown on the permit documents. The plans examiner reviews the 

computer room heat recovery system COP and, if an exception is utilized, the 

heating system COP. 

¶ Construction Phase: The mechanical contractor reviews mechanical design 

documents to confirm heat recovery requirements, and then selects and installs 

a heat recovery system that meets the design specification. The controls 

contractor installs controls to allow the heat recovery system to operate per the 

design specification. 

¶ Inspection Phase: The mechanical contractor completes NRCI forms. 

 

7.8 Controlled Environment Horticulture Prerequisite Options 

This measure would create two prerequisite options for buildings used for controlled 

environment horticulture (CEH).  

7.8.1 Efficient Dehumidification and Reuse of Transpired Water 

7.8.1.1 Code Change Description 

This measure would reduce energy use in indoor growing facilities by requiring more 

efficient dehumidification systems that use heat recovered on site to reheat 

dehumidified air. Facilities would only be required to meet 60 percent of their peak 
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dehumidification needs with on-site heat recover systems. Systems must have the 

capability to reused transpired water for irrigation.  

7.8.1.2 Rationale 

The use of site-recovered energy for reheat saves a significant amount of natural gas, 

as natural gas makes up approximately 90 percent of the air reheat fuel type. The 

reuse of transpired water for irrigation would lower water consumption of indoor 

growing facilities, resulting in water savings and the embedded energy savings 

associated with extracting, treating, transporting, and collecting water. The measure 

has been adapted from standards recently developed and adopted by the City and 

County of Denver.  

Compliant dehumidification systems are:  

¶ Integrated HVAC systems with on-site heat recovery for reheating dehumidified 

air; or 

¶ Chilled water systems with on-site heat recovery for reheating dehumidified air; 

or 

¶ Solid or liquid desiccant dehumidification systems. 

7.8.1.3 Energy Savings 

The energy impacts of the proposed code change vary by climate zone. The Statewide 

CASE Team simulated the energy impacts in every climate zone and applied the 

climate-zone specific TDV factors when calculating energy and energy cost impacts. 

Energy savings and peak demand reductions per unit are presented in Table 60 and 

apply to both new construction and alterations. Electricity increases associated with 

this measure are due to an electric penalty for the proposed heat recovery systems. 

The natural gas savings results in a net positive energy savings in all climate zones. 
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Table 60: First-Year Energy Impacts Per Square Foot of Canopy ï 
Dehumidification 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity Demand 
Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (2.2) (0.00026) 3.3 785 

2 (1.4) (0.00017) 3.4 809 

3 (1.3) (0.00016) 3.4 811 

4 (1.4) (0.00018) 3.4 807 

5 (1.3) (0.00015) 3.4 812 

6 (1.3) (0.00015) 3.4 820 

7 (1.3) (0.00015) 3.4 823 

8 (1.5) (0.00017) 3.4 815 

9 (1.6) (0.00019) 3.4 811 

10 (1.6) (0.00019) 3.4 808 

11 (1.9) (0.00022) 3.4 788 

12 (1.5) (0.00018) 3.4 800 

13 (1.8) (0.00021) 3.4 796 

14 (1.9) (0.00021) 3.4 798 

15 (2.4) (0.00026) 3.4 789 

16 (1.4) (0.00019) 3.4 811 

 

Water savings were estimated by calculating the amount of water transpired 

throughout a year of crop production for each crop. It is assumed that all water 

provided to the plants is transpired and removed by the dehumidification system. 

Survey data and discussions with designers provided insight that approximately 60 

percent of existing growers reuse water from their dehumidification equipment. This 

existing reuse rate was applied across the statewide facility stock to estimate 

statewide impacts. The water savings calculation assumes 100 percent of the 

transpired water is recovered for reuse. 

7.8.1.4 Cost Effectiveness  

The proposed submeasure saves money over the 15-year period of analysis relative to 

the existing conditions. The proposed code change is cost effective in every climate 

zone. Cost effectiveness is identical between new construction and alterations. 
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Table 61: 15-Year Cost-Effectiveness Summary Per Square Foot of Canopy ï 
Indoor Dehumidification 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + Other 
PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-Cost 
Ratio 

1  $69.87   $21.37   3.27  

2  $71.99   $21.37   3.37  

3  $72.22   $21.37   3.38  

4  $71.84   $21.37   3.36  

5  $72.29   $21.37   3.38  

6  $72.99   $21.37   3.42  

7  $73.26   $21.37   3.43  

8  $72.54   $21.37   3.39  

9  $72.19   $21.37   3.38  

10  $71.88   $21.37   3.36  

11  $70.16   $21.37   3.28  

12  $71.22   $21.37   3.33  

13  $70.86   $21.37   3.32  

14  $71.01   $21.37   3.32  

15  $70.18   $21.37   3.28  

16  $72.19   $21.37   3.38  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 

savings are discounted at a real (nominal ï inflation) three percent rate. Other PV savings include 

incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 

maintenance cost savings if PV of proposed maintenance costs is less than PV of current 

maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV 

of current maintenance costs. If incremental maintenance cost is negative, it is treated as a 

positive benefit. If there are no total incremental PV costs, the B/C ratio is infinite. 

7.8.1.5 Compliance and Enforcement 

This controlled environment horticulture dehumidification prerequisite option would 

involve changes to the compliance and enforcement processes of multiple parties. 

Namely, the mechanical HVAC designer will need to create a system that meets the 

dehumidification system requirements and assist in completing the certificate of 

compliance for the permit application. Furthermore, HVAC designers would need to 

analyze the cut sheet and indicated on the certificate that installed systems have the 

ability to reuse transpired water.  



 

Voluntary Energy Efficiency Requirements for Title 24, Part 11 (CALGreen) | 87 

Field inspectors would need to verify that the installed dehumidification system(s) meet 

the three available compliance options and the plans inspector would ensure the 

certification forms indicate the proper ratio of total cooling capacity to total reheat and 

that the system has the ability to reuse transpired water. The plans reviewer would 

need to check the ratio of total cooling capacity to total reheat provided by the 

dehumidification equipment from dehumidification equipment specifications. 

7.8.2 Horticultural Lighting Minimum Efficacy 

7.8.2.1 Code Change Description 

This measure would set a minimum 2.1 ÕMol/J PPE for electric lighting systems used 

for plant growth and maintenance in larger CEH facilities (buildings with 40 kW or 

more of connected horticultural lighting load). It would also require installation of 

lighting controls that enable schedule and multiple light level programing.  

7.8.2.2 Rationale 

CEH lighting load represents a significant and growing energy load in California. An 

efficient lighting prerequisite represents an opportunity to significantly reduce energy 

use and cost. One case study shows that an LED lighting retrofit in Oregon, which cost 

roughly $160,000, led to nearly $34,000 in annual savings.  

The American Society of Agricultural and Biological Engineers (ASABE) and the 

DesignLights Consortium (DLC) laid the foundation for this Measure by establishing 

definitions and a testing procedure for horticultural lighting. A similar proposal on 

horticultural lighting minimum efficacy was considered and approved as part of 

International Energy Conservation Code (IECC) 2021 standards setting cycle (IECC 

2019). 

7.8.2.3 Energy Savings 

The Statewide CASE team found significant energy savings as a result of this 

proposal.  

The CBECC software does not support space functions and conditioning equipment 

associated with CEH facilities and would not be an appropriate tool to model energy 

consumption in CEH facilities. The Statewide CASE Team estimated energy and 

demand impacts by simulating the proposed code change using a spreadsheet-based 

calculation tool specific to CEH facilities.  

Energy savings and peak demand reductions per unit are presented in Table 62 and  

Table 63 and include both new construction and alterations savings. The per-unit 

energy savings figures do not account for naturally occurring market adoption or 

compliance rates. Per-unit savings for the first year are expected to range from 13.5 to 
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199.0 kWh/yr depending upon climate zone and facility type. Demand reductions are 

expected to range between 0.002 to 0.012 kW depending on climate zone. 

Savings per square foot of canopy of indoor facilities are much higher than that of 

greenhouses. This is due to the higher PPE standard for lighting in indoor growing 

facilities, sunlight contributing to the PPFD requirements of the plants in greenhouses, 

and the additional HVAC requirements that apply to indoor growing facilities.  

Table 62: First-Year Energy Impacts Per Square Foot of Canopy ï Indoor 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 189.5 0.012 0.0 4,318.4 

2 192.4 0.012 0.0 4,886.1 

3 191.2 0.012 0.0 4,636.7 

4 193.1 0.012 0.0 5,011.9 

5 191.8 0.012 0.0 4,501.0 

6 193.2 0.012 0.0 4,842.6 

7 192.8 0.012 0.0 4,611.1 

8 194.4 0.012 0.0 5,213.4 

9 194.3 0.012 0.0 5,210.2 

10 195.0 0.012 0.0 5,020.3 

11 194.8 0.012 0.0 4,956.6 

12 193.7 0.012 0.0 4,881.8 

13 195.1 0.012 0.0 4,948.7 

14 195.1 0.012 0.0 5,146.7 

15 199.0 0.012 0.0 5,100.7 

16 191.2 0.012 0.0 4,394.2 
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Table 63: First-Year Energy Impacts Per Square Foot of Canopy ï Greenhouse 

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity Demand 
Reductions 

(kW) 

Natural Gas 
Savings 

(therm/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 23.2 0.003 0.0 597.3 

2 18.5 0.002 0.0 473.2 

3 18.7 0.002 0.0 478.7 

4 17.6 0.002 0.0 447.7 

5 16.0 0.002 0.0 417.8 

6 16.4 0.002 0.0 429.0 

7 15.5 0.002 0.0 390.3 

8 16.3 0.002 0.0 443.0 

9 15.9 0.002 0.0 414.9 

10 15.6 0.002 0.0 398.2 

11 18.7 0.002 0.0 468.8 

12 18.6 0.002 0.0 464.9 

13 18.2 0.002 0.0 457.5 

14 13.5 0.002 0.0 331.4 

15 14.1 0.002 0.0 343.8 

16 17.5 0.002 0.0 452.2 

 

7.8.2.4 Cost-Effectiveness 

Results of the per-unit cost-effectiveness analyses are presented in Table 64 and  

Table 65 for indoor grow and greenhouse facilities. Cost effectiveness is identical for 

new construction and alterations. Indoor facility cost effectiveness is higher due to 

increased light intensity requirements for indoor facilities and decreased maintenance 

costs going from high intensity discharge luminaires to LED luminaires. 

The proposed submeasure saves money over the 15-year period of analysis relative to 

the existing conditions. The proposed code change is cost effective in every climate 

zone. 
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Table 64: 15-Year Cost-Effectiveness Summary Per Square Foot of Canopy ï 
Indoor Lighting 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + Other 
PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-Cost 
Ratio 

1  $384.34   $63.99  6.0  

2  $434.87   $63.99  6.8  

3  $412.66   $63.99  6.4  

4  $446.06   $63.99  7.0  

5  $400.59   $63.99  6.3  

6  $430.99   $63.99  6.7  

7  $410.39   $63.99  6.4  

8  $463.99   $63.99  7.3  

9  $463.71   $63.99  7.2  

10  $446.80   $63.99  7.0  

11  $441.14   $63.99  6.9  

12  $434.48   $63.99  6.8  

13  $440.43   $63.99  6.9  

14  $458.05   $63.99  7.2  

15  $453.96   $63.99  7.1  

16  $391.09   $63.99  6.1  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 

savings are discounted at a real (nominal ï inflation) three percent rate. Other PV savings include 

incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 

maintenance cost savings if PV of proposed maintenance costs is less than PV of current 

maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV 

of current maintenance costs. If incremental maintenance cost is negative, it is treated as a 

positive benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  
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Table 65: 15-Year Cost-Effectiveness Summary Per Square Foot of Canopy ï 
Greenhouse Lighting 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + Other 
PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1  $53.16   $14.76  3.6  

2  $42.12   $14.76  2.9  

3  $42.60   $14.76  2.9  

4  $39.85   $14.76  2.7  

5  $37.18   $14.76  2.5  

6  $38.18   $14.76  2.6  

7  $34.74   $14.76  2.4  

8  $39.43   $14.76  2.7  

9  $36.93   $14.76  2.5  

10  $35.44   $14.76  2.4  

11  $41.72   $14.76  2.8  

12  $41.37   $14.76  2.8  

13  $40.72   $14.76  2.8  

14  $29.49   $14.76  2.0  

15  $30.60   $14.76  2.1  

16  $40.25   $14.76  2.7  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 

savings are discounted at a real (nominal ï inflation) three percent rate. Other PV savings include 

incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 

maintenance cost savings if PV of proposed maintenance costs is less than PV of current 

maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV 

of current maintenance costs. If incremental maintenance cost is negative, it is treated as a 

positive benefit. If there are no total incremental PV costs, the B/C ratio is infinite. 

 

7.8.2.5 Compliance and Enforcement 

For non-cannabis crop types, permit applicants would need to list the electric usage of 

their horticultural lighting. In cases when Measure applies to the project, the permit 

applicants would need to gather PPE ratings of the proposed luminaires to 

demonstrate compliance.  

For cannabis crops, compliance with the existing California Department of Food & 

Agriculture (CDFA) CalCannabis regulations would support the compliance process 

with the proposed Measure. Specifically, as part of CDFA CalCannabis licensing 
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requirements, license applicants must submit canopy size calculations and a lighting 

diagram for indoor and mixed-light license types. The lighting diagram must include 

locations of all lights in the canopy areas and maximum wattage for each light 

(California Code of Regulations (CCR) n.d.). Thus, applicants can determine if they 

trigger the 40 kW threshold based upon the maximum wattages noted in their lighting 

diagram. If the project is subject to the proposed horticultural lighting code, the permit 

applicants would have to still gather PPE rating(s) of the proposed luminaires since 

CDFA CalCannabis licensing requirements only call for luminaire count and wattage 

not PPE ratings.  

For all crop types in facilities with at least 40 kW of horticulture connected lighting load, 

the permit applicants would also need to install multi-level and time-switch lighting 

controls as well as coordinate an acceptance test for the time-switch controls to 

comply with the proposed measure. 

7.9 Refrigerated Warehouses Prerequisite Option 

This measure would create two prerequisite options for large, refrigerated warehouses 

(greater than or equal to 3,000 square feet) and refrigerated spaces (with a sum total 

of 3,000 square feet or more served by the same refrigeration system). See the 

refrigeration system opportunities CASE Report from the 2022 Title 24, Part 6 CASE 

Report for additional information on the two prerequisite options.15 

7.9.1 Minimum Air-Cooled Condenser Sizing and Specific Efficiency for 
Packaged Refrigeration Systems 

7.9.1.1 Code Change Description 

This measure would decrease the minimum size requirement for air cooled 

condensers in packaged refrigeration systems utilized to enable cost-effective 

installations. Condenser size is defined by the temperature difference (TD) between 

the design dry bulb temperature and saturated condensing temperature. The larger the 

temperature difference, the smaller the condenser. The measure would increase the 

temperature difference (TD) for freezer systems from 10ÁF TD to 15ÁF TD, and for 

cooler systems from 15ÁF TD to 20ÁF TD. Specific efficiency, which is related to 

condenser sizing, would also be modified from 65 Btuh/W to 60 Btuh/W.  

The proposal would eliminate confusion around condenser requirement exemptions for 

packaged units and condensing units. The code change is applicable to new 

construction only. 

 
15 https://title24stakeholders.com/measures/cycle-2022/refrigeration-system-opportunities/.  

https://title24stakeholders.com/measures/cycle-2022/refrigeration-system-opportunities/
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7.9.1.2 Rationale 

Packaged refrigeration systems are a growing alternative to traditional centralized 

refrigeration systems used to cool refrigerated warehouses because of their ability to 

lower system charge, reduce system footprint, reduce pressure drop in the suction 

piping due to shorter piping runs, and reduce installation costs (in some cases). 

Because they can offer systems with reduced charge, they can help eliminate potential 

market barriers for low global warming potential (GWP) refrigerants, such as ammonia. 

The proposed code changes would reduce the minimum size requirement for air 

cooled condensers for these systems to make them more cost effective. 

7.9.1.3 Energy Savings and Cost-Effectiveness 

The code change proposal would not increase the stringency, so there would be no 

savings on a per-square foot basis. Although this measure does not result in electricity 

or gas savings, the measure would promote additional options for low charge, low 

GWP refrigerant systems for refrigerated warehouse end users in the state of 

California. This aligns with other statewide goals related to reducing statewide GHG 

emissions via reducing refrigerant emissions. 

7.9.1.4 Compliance and Enforcement 

The activities that need to occur during each phase of the project are described below: 

¶ Design Phase: Design engineers, contractors, and owners collaborate to 

develop refrigeration system design loads and select the best system 

configuration and pieces of equipment to supply adequate cooling. All parties 

involved should be aware of the proposed code changes as it relates to sizing 

air cooled condensers if a packaged system is selected to meet the loads.  

¶ Permit Application Phase: Typically, a contractor would develop a set of 

stamped engineering plan drawings on the ownerôs behalf, that would include 

refrigeration system design and equipment schedules. The drawings can also 

be developed by an independent engineering firm and are used as the basis for 

contractors to supply bids for the project. This set of plan drawings should 

incorporate information on the packaged refrigeration units and the related 

condenser design specifications. If the selected equipment does not comply 

with Title 24, Part 6, the authority having jurisdiction should provide plan check 

comments to correct this before providing any building permits.  

¶ Construction Phase: Contractors install the refrigeration system as described 

in the approved plan drawings, with oversight from the owner and authority 

having jurisdiction. The installed equipment should match what was approved 

and specified in the equipment schedule. This is documented by the Covered 

Process Certificate of Installation and signed by the responsible party ï typically 
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the licensed mechanical contractor.  

¶ Inspection Phase: After construction, the owner or contractor have the 

responsibility to have the building and its various mechanical systems inspected 

by the authority having jurisdiction. This inspection phase should include an 

examination of the refrigeration system to verify the compliant equipment 

described in the plan drawings matches what was physically installed.  

The compliance process described above is very similar to the process that currently 

exists for measures related to refrigerated warehouses and commercial refrigeration. 

No additional acceptance testing is expected to be required as this an equipment 

specification and not a control specification. 

7.9.2 Evaporator Specific Efficiency 

7.9.2.1 Code Change Description 

This measure would require minimum evaporator specific efficiency in non-process 

cooling/freezing applications in refrigerated warehouses. Evaporator specific efficiency 

is defined as cooling capacity of the evaporator (Btu/hr) divided by the power input 

(watts) required for the fan motors at rated temperature conditions at 100 percent fan 

speed. The rated capacity is defined at 10ÁF of temperature difference between the 

incoming air temperature and the saturated evaporating temperature of the refrigerant, 

assuming a dry coil. This metric is similar to what is used currently in Title 24, Part 6 

for comparing the efficiency of refrigeration condensers.  

7.9.2.2 Rationale 

Evaporators are heat exchangers used in vapor compression refrigeration systems 

that allow heat transfer from the air inside a refrigerated space to the refrigerant, thus 

providing cooling to the air. Fans are integrated as part of the evaporator in order to 

draw air across the heat exchanger surface area, as well as provide adequate mixing 

to avoid temperature stratification. As discussed in the section above, specific 

efficiency is a metric defined as the capacity of the evaporator divided by the input 

power requirement. The higher the specific efficiency of the evaporator, the less fan 

power is required to achieve the necessary cooling, thus resulting in both direct energy 

savings from the fan motor as well as indirect compressor energy savings. This is 

because the heat produced by the fans will eventually be removed from the 

refrigerated spaces and is thus added load on the refrigeration system.  

2019 Title 24, Part 6 does not currently have a minimum efficiency requirement for 

evaporators. Almost all manufacturers have product selection software, and the 

capacity ratings are becoming more standardized. Some manufacturers are now 

providing certified ratings in their product catalogues to provide more confidence in the 
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capacity of the equipment being sold. Additionally, some manufacturers provide the 

applied fan power at the operating conditions. 

Evaporators use significant amount of energy in refrigerated warehouses. Therefore, 

the efficiency of evaporators is a key factor in annual energy usage of refrigerated 

warehouses, even with the 2019 Title 24, Part 6 mandatory requirement of variable 

speed control of evaporator fans. 

The market research conducted by the Statewide CASE Team showed a large 

variation in efficiency of evaporator models available in the market. The proposed 

code change is expected to save significant energy by prohibiting the installation of 

low efficiency units. 

7.9.2.3 Energy Savings 

Annual savings for the first year are expected to range from 0.37 to 2.83 kWh/ft2 

depending upon climate zone and depending on the evaporator refrigerant/liquid feed 

type. Demand reductions are expected to range between 0.00012 kW/ft2 and 0.00107 

kW/ft2 depending on climate zone and depending on the evaporator refrigerant/liquid 

feed type. The proposed measure also reduces peak demand for refrigerated 

warehouses by approximately 5 percent. See the 2022 Title 24, Part 6 CASE Report 

for more detailed energy savings results.  

7.9.2.4 Cost-Effectiveness 

Analysis conducted for the 2022 Refrigeration System Opportunities CASE Report 

determined proposed efficiency thresholds by evaluating what is reasonably available 

in the marketplace, without excessive restriction of market options. The proposed 

thresholds were found to be cost effective for every evaporator type in every climate 

zone, with ratios ranging from approximately 2.2 to 4.5. 

7.9.2.5 Compliance and Enforcement 

The activities that need to occur during each phase of the project are described below: 

¶ Design Phase: Design engineers, contractors, and owners collaborate to 

develop refrigeration system design loads and select the best system 

configuration and pieces of equipment to supply adequate cooling. All parties 

involved should be aware of the proposed code changes as it relates to selecting 

evaporators for each refrigerated space and ensure that the calculated specific 

efficiency at rated conditions meets the minimum requirements. 

¶ Permit Application Phase: Typically, a contractor would develop a set of 

stamped engineering plan drawings on the ownerôs behalf, that would include 

refrigeration system design and equipment schedules. The drawings can also be 

developed by an independent engineering firm and are used as the basis for 
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contractors to supply bids for the project. This set of plan drawings should 

incorporate information on the selected evaporators for the refrigerated spaces. If 

the selected equipment does not comply with Title 24, Part 6, the authority having 

jurisdiction should provide plan check comments to correct this before providing 

any building permits. 

¶ Construction Phase: Contractors install the refrigeration system as described in 

the approved plan drawings, with oversight from the owner and authority having 

jurisdiction. The installed equipment should match what was approved and 

specified in the equipment schedule. 

¶ Inspection Phase: After construction, the owner or contractor have the 

responsibility to have the building and its various mechanical systems inspected 

by the authority having jurisdiction. This inspection phase should include an 

examination of the refrigeration system to verify the compliant equipment 

described in the plan drawings matches what was physically installed.  

7.10 Tier 1 and Tier 2 Performance Standards 

7.10.1 Code Change Description 

This measure would revise the Tier 1 and Tier 2 performance targets. Tier 1 is 

structured as an all-electric preferred option for jurisdictions, with proposed Energy 

Budget targets for mixed-fuel buildings that are consistent with the 2019 CALGreen 

Tier 1 budgets, while all-electric building would comply with Tier 1 by being compliant 

with Title 24, Part 6.  

Tier 2 does not provide a path for mixed-fuel buildings and requires all-electric 

buildings to meet the same Energy Budget that mixed-fuel buildings had to meet in 

Tier 1. This change therefore eliminates the more stringent Tier 2 Energy Budgets that 

are in the 2019 version of CALGreen. 

Given the number of energy efficiency measures included for nonresidential buildings in 

2022 Title 24, Part 6, as well as new requirements for solar and storage, the Statewide 

CASE Team did not have sufficient measures developed to achieve a further 10 percent 

or 15 percent savings over 2022 Title 24, Part 6 ï which are the performance targets for 

2019 CALGreen. Applying the 2019 performance targets for Tier 1 and Tier 2 for 

nonresidential buildings in 2022 is technically feasible but challenging to achieve cost 

effectively. Using the measures available, the Statewide CASE Team determined 

climate zone-specific performance targets relative to the 2022 Title 24, Part 6 energy 

budget. These improvements are weighted based on statewide construction forecasts.  

The Statewide CASE Team understands that the savings determined in Table 67 may 

not be deemed significant by the Energy Commission or by local jurisdictions. The 

Statewide CASE Team recommends the Energy Commission adopt performance tiers 
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that are more stringent than what can be shown to be cost effective with the current 

measures but less stringent than the percent reductions in 2019 CALGreen. These 

targets are of a similar magnitude as those proposed for multifamily buildings. See Table 

66 for our proposed tiers. 

Table 66: Proposed Nonresidential Performance Tiers 

Climate 
Zone 

Tier 1  

Mixed-Fuel 

Tier 1  

All-Electric 

Tier 2 

 Mixed-Fuel 

Tier 2 

All-Electric 

1 95% 100% N/A 95% 

2 95% 100% N/A 95% 

3 95% 100% N/A 95% 

4 95% 100% N/A 95% 

5 95% 100% N/A 95% 

6 95% 100% N/A 95% 

7 95% 100% N/A 95% 

8 95% 100% N/A 95% 

9 95% 100% N/A 95% 

10 95% 100% N/A 95% 

11 95% 100% N/A 95% 

12 95% 100% N/A 95% 

13 95% 100% N/A 95% 

14 95% 100% N/A 95% 

15 95% 100% N/A 95% 

16 95% 100% N/A 95% 

 














































































































































